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Starch deposition in the sporogenous cells of certain mosses 


RosBerta Moaiinc Ma 
(WITH PLATE 31) 


Since special protein bodies which serve as primordia of starch grains 
are present in the large single plastids of several of the fern allies, the 
writer has been led to think that in the single chloroplasts of the sporo- 
genous tissue of the Bryales a similar condition may exist. 

Sapéhin (1911, 1915) seems to have been the first to describe the large 
single plastids in the sporogenous tissue of the mosses. He states that, due 
to cessation of the division of the plastids in cells in this region of the moss 
capsule, the cells of the single archesporial layer come to have a single 
plastid each. By the division of this plastid, the cells of the sporogenous 
tissue each receive a single plastid. Sapéhin states that this is character- 
istic of all the Bryales. His principal interest in these single plastids is to 
show the continuity of the plastid throughout the life cycle of the mosses. 
His conclusions are that these chloroplasts, and the chondriosomes, which 
are also present, are individual and independent structures of the cells. 
He is positive that the chondriosomes do not give rise to the plastids at 
any time in the life cycle of the mosses. 

Senjaninova (1928) has studied the plastids and chondriosomes of the 
sporogenous layer in Catharinia and Physcomitrium: she believes that the 
plastids disappear from the archesporial cells at or about the time of the 
differentiation of these cells. She describes numerous chondriosomes of 
various shapes as occurring in the archesporial cells. They, together with 
some of the cytoplasm, aggregate to form an irregular saucer-shaped 
structure curving about the nucleus. Senjaninova regards this structure 
as a complex plastid in which elongated starch grains may be seen. She 
believes that these bodies undergo segmentation to form the plastids of the 
sporogenous cells and spores. 

The chloroplasts of Isoetes and of Selaginella, as described by the writer 
(Ma, 1928, 1931), contain red-staining pyrenoid-like bodies and also 
starch grains. The single, large chloroplasts of the cells of the young leaves, 
when stained with Flemming’s triple stain, show contents similar to those 
of the plastids of Anthoceros and Notothylas (McAllister, 1914, 1927). The 
bodies in the plastids of Jsoetes are rounded and those in Selaginella are 
spindle-shaped. Red-staining bodies may be seen in the plastids of the 
younger cells and blue-staining in the older. In plastids of intermediate 
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age sometimes both kinds of bodies are present. They are similar in size 
and shape. These phenomena have led the writer to conclude that, as in 
the case of Anthoceros and Notothylas, the red-staining bodies found in 
Tsoetes and Selaginella are primordia of starch grains. 


Out of a total of seventeen different mosses examined, four species, 
whose plastids are relatively large and their contents easy to distinguish, 
were selected for intensive study. These species are Alrichum undulatum 
Beauv., Bryum argenteum Linn., Funaria americana Lindb., and Physco- 
mitrium turbinatum Miiller. 


Merkel’s fluid, as repeatedly experienced, proved to be the most satis- 
factory fixing agent for the study of chloroplasts and their contents. For 
the purpose of studying the chloroplasts and of differentiating the blue- 
staining starch grains and the red-staining bodies in the plastids, Flem- 
ming’s triple stain was used almost exclusively. This stain gives a blue 
color to the starch grains, red to pyrenoid bodies, and yellow to the plastids 
and the surrounding cytoplasm. Heidenhain’s iron-alum-haematoxylin 
stain was used as a check on the red-staining bodies. 


ATRICHUM UNDULATUM BEAUV. 


The cells in the single archesporial layer in Atrichum divide twice» 
usually forming four layers of sporogenous cells. These cells range from 5 
to 10 microns broad and from 6 to 17 microns long. The plastids are shaped 
like a thick concavo-convex lens. In median sections, cut parallel with the 
radius, they appear as elongated, kidney-bean-shaped structures, curving 
about the nucleus. They are clearly recognizable in all of the cells of the 
archesporial and sporogenous layers. 


In very young archesporial cells the plastid contents are not as dis- 
tinct as those of the older cells. Red-staining bodies are nevertheless rec- 
ognizable at this early stage and seem to be rounded in shape (fig. 1). As 
the young archesporial cell grows larger the red-staining bodies become 
elongated, spindle-shaped structures (figs. 2, 3). Blue-staining bodies are 
usually not recognizable in young plastids, though some plastids contain 
bodies intermediate in color between blue and red (fig. 3). After the first 
division of the archesporial cells the plastids contain slender, spindle- 
shaped bodies which are usually all red-staining (fig. 2), though occasion- 
ally some plastids may contain both red- and blue-staining bodies of the 
same size and shape (fig. 4). When the four layers of sporogenous cells have 
been formed, the plastids usually contain only blue-staining starch grains 
(figs. 5, 6). 
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BRYUM ARGENTEUM LINN. 


In Bryum argenteum, as in Atrichum, the single archesporial layer 
develops into four layers of sporogenous cells. The sporogenous cells aver- 
age about 12 microns long and 8 microns broad. These cells contain a 
single, large plastid (figs. 7, 8, 9), though occasionally there are two 
plastids in a cell (fig. 10). The presence of two plastids in a cell is probably 
due to the division of the plastid preceding nuclear and cell division. No 
archesporial or sporogenous cells were observed which did not contain 
definite, well differentiated plastids. The plastids are usually shaped like a 
bowl with a thin wall and a very thick base. They lie with their concave 
sides close to the nucleus (fig. 10). 


The plastids of the sporogenous cells of Bryuwm contain red-staining 
bodies and blue-staining starch grains, as has been noted for Atrichum. 
These bodies lie in the thickened base of the bowl-shaped plastid. They 
vary in size and staining reaction according to the age of the tissue. In 
cells of the archesporial layer only red-staining bodies are seen (fig. 7). 
They are so minute that their exact outlines are difficult to distinguish. As 
the archesporial cells increase in size, the bodies become larger and their 
outlines more definite. They are then seen to be distinctly spindle-shaped 
(fig. 8). By the time the sporogenous tissue has become two-layered, the 
plastids of these cells show only spindle-shaped starch grains (figs. 9, 10). 
They are similar in size, shape, and approximate number to the red-stain- 
ing bodies previously mentioned for the younger cells. 


FUNARIA AMERICANA LINDB. 


Funaria americana also has four layers of sporogenous cells. These 
cells measure 5 to 10 microns in width and 10 to 12 microns in length. 
They are thin and bowl-shaped, with the nuclei lying in the concavity 
(figs. 11, 12, 13). Since meiosis follows the last division of the sporogenous 
cells so closely, the plastids of the spore mother cells are small and their 
outlines hard to distinguish. The plastids lie opposite the equatorial region 
during metaphase and anaphase of meiosis (fig. 14). 


The plastids of the sporogenous cells of Funaria, as is the case in Afri- 
chum and Bryum, contain red- and blue-staining bodies. These bodies are 
slender-spindle-shaped. The plastids of the archesporial layer usually con- 
tain slender, red-staining, spindle-shaped bodies only (fig. 11). When the 
sporogenous tissue becomes two layers of cells in thickness, the plastids of 
these cells contain blue-staining starch grains, similar in shape and size to 
the red-staining bodies of the younger cells (figs. 12, 13). 
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PHYSCOMITRIUM TURBINATUM MULLER 


Although numerous capsules of Physcomitrium turbinatum have been 
examined, none show sporogenous tissue having more than one layer of 
cells. As these cells differentiate into spore mother cells they increase con- 
spicuously in size. As a result of this growth the spore mother cells are 
much larger than the sporogenous cells. The latter cells average 10 microns 
in their shortest dimension and 18 microns in their longer. The spore 


mother cells are roughly spherical and have an average diameter of about 
26 microns. 


The plastids, which are always present in the archesporial and sporo- 
genous cells, are shaped like a thin, shallow bowl. Some plastids contain 
slender, spindle-shaped, red-staining bodies, and other contain blue- 
staining bodies of similar size and shape. 

Since the spore mother cells of Physcomitrium are unusually large, the 
plastids are proportionately large. They are many times larger than the 
plastids of the archesporial cells. They are, in general, shaped like a thick 
concavo-convex lens. The nuclei always lie in the convavity of the plastids, 
in close proximity to them. In the early prophase of the first meiotic divi- 
sion the plastids divide and the two halves pull away from one another to 
occupy positions at opposite sides of the nucleus (figs. 15, 16). During 
anaphase the plastids lie at the sides of the narrow spindle (fig. 19). The 
plastids divide once more and each spore receives one. 


Due to the unusually large size of the spore mother cells, their plastids 
and contents have been especially favorable for study. The plastids con- 
tain rounded blue- and red-staining bodies instead of the spindle-shaped 
bodies found in plastids of the sporogenous layers of all of the mosses 
studied. In some plastids only red-staining bodies are to be found. In 
others the red-staining bodies are mixed with blue-staining starch grains of 
similar shape and size (fig. 15). In still others there are only blue-staining 
starch grains (figs. 16, 18, 19, 20). These red-staining bodies and the starch 
grains are similar in size and shape. The red-staining bodies greatly re- 
semble the pyrenoid bodies which are often mingled with starch grains in 
the plastids of the spore mother cells of Anthoceros and Notothylas as de- 
scribed by McAllister (1914, 1927). 


As in the sporogenous cells, the plastids of the spore mother cells are 
flattened structures. When the plastid divides, the two halves are, for a 
time, connected by a broad, thin, band of plastid material (figs. 16, 17, 
20). In this band, conspicuous fibers are to be seen, especially during the 
division of the plastids in the spore mother cells. These fibers form a skein 
between the two halves of the dividing plastid (fig. 17). The general ap- 
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pearance of this skein of fibers is much like that of neighboring anaphase 
spindle figures, so that with a casual examination one may easily mistake 
one for the other. The fibers are very similar in size, texture and staining 
reaction to those of adjacent homeotypic figures. Both the fibers of the 
nuclear figure and those of the dividing plastids stain a reddish violet and 
lie in a yellowish-staining ground substance. They are often thick in the 
central region and gradually thinner at the ends, blending into the body 
of the plastid halves. 

Phenomena of the same sort as that just described were probably first 
reported by Von Mohl (1839) in his classic paper on spore development in 
Anthoceros; he, however, described and illustrated the fibrous skeins as 
connecting all four plastids in the spore mother cell (figs. 21-23). Some- 
what similar figures of Anthoceros were published by Strasburger (1880). 
The fibrous skeins were apparently not seen in the preparations of Davis 
(1899), but have been mentioned briefly in the recent work of Pinnick 
(1926), who, however, has ignored Von Mohl’s account, which seems to 
have been unknown to Davis also. 


SUMMARY AND DISCUSSION 


In accordance with the observations of Sapéhin (1911, 1915), the 
writer has found that the sporogenous cells of the mosses studied contain 
a single large, shallow bowl-shaped plastid. The plastids of Atrichum un- 
dulatum, Bryum argenteum, Funaria americana and Physcomitrium turbi- 
natum also resemble those of Selaginella apus, as well as the chloroplasts of 
Anthoceros and Notothylas. 

The disappearance of the single plastid in the archesporial cells and 
the subsequent formation of a new plastid from a mass of chondriosomes 
as described by Senjaninova (1928) has not been confirmed. A well- 
defined plastid is always present in these archesporial and sporogenous 
cells of the mosses studied. 

When the material is treated with Flemming’s triple stain the plastids 
show red- or blue-staining bodies or both. Those of very young cells of the 
archesporium of Atrichum for example contain only red-staining and 
rounded bodies, indistinct in outline. As the cells become older these 
bodies become spindle-shaped. In the plastids of all the archesporial cells 
and in some of the early sporogenous cells red-staining bodies only are pres- 
ent. However, many of the plastids of the sporogenous cells show starch 
grains of the same size and shape as the red-staining bodies. Plastids of two 
adjacent cells often show red-staining bodies in the one and starch grains 
in the other. In Aérichum one often finds both red-staining bodies and 
starch grains in the same plastid. These bodies are similar in shape, size, 
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and location, and differ visibly only in the color reaction. The red-staining 
bodies of the sporogenous cells of the four mosses studied resemble in 
shape and chemical reaction the red-staining bodies of Selaginella apus. 
They are likewise similar to the pyrenoid bodies of the gametophytes of 
Anthoceros and Notothylas (McAllister, 1914, 1927). In all these plants 
the red-staining bodies have the same relation to the starch grains which 
replace them. Because of their close relation to starch deposition it is 
probable that they should all be called ‘pyrenoid-bodies’ or simply 
‘pyrenoids.’ 

In the plastids of the spore mother cells of these mosses red- and blue- 
staining bodies are present, differing only from those in the sporogenous 
tissue in that they are spherical instead of spindle-shaped. The red-staining 
bodies are gradually replaced in the older cells by starch grains of similar 
size and shape to the pyrenoid bodies. They resemble in shape and chemi- 
cal reaction the red-staining bodies and starch grains in the plastids of 
Isoetes melanopoda and those of the spore mother cells of Anthoceros and 
Notothylas. McAllister has shown that the red-staining, rounded bodies of 
the spore mother cells of Anthoceros and Notothylas are in chemical reaction 
and function similar to the spindle-shaped pyrenoid bodies in the plastids 
of the gametophytes. This difference in the shape of the pyrenoid bodies 
and starch grains in somatic and spore mother cells must be due to the sur- 
roundings of the latter cells. The spore mother cell lies free in a liquid 
substratum, and seems in its younger stages to lack definite polarity. This 
lack seems to be reflected in the cell activities and the form of the cell 
organs. 

Since both in sporogenous tissues and in spore mother cells the red- 
staining bodies are replaced by starch grains similar to them in size, 
shape, and approximate number, we must conclude that either the former 
bodies are transformed into starch grains or that they disintegrate and 
that starch grains arise de novo. 

It would indeed be a striking coincidence if one set of bodies should 
entirely disappear and be replaced by a new set of bodies, similar in size 
and shape and having the approximate number and location of the 
former, and this replacement following immediately upon the disappear- 
ance of the former. In the absence of any evidence of the disintegration of 
the pyrenoids we must conclude that they are transformed into starch 
grains. The conclusion that the pyrenoid bodies are primordia of starch 
grains seems amply justified. 

Plastids of the vegetative cells of the mosses are small and numerous 
and their finer details are difficult to distinguish, even with the highest 
magnification. Still we must believe that in these small plastids starch de- 
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position is chemically and physiologically the same as in the large single 
plastids of the sporogenous layers. In the older cells of the leaves of Isoetes, 
in which there are as many as thirty plastids to the cell, the plastid con- 
tents are similar to those of the large single plastids of the young cells. 
Minute red- and blue-staining bodies are present. It is probably true that 
a similar condition exists in the mosses, and that the numerous small 
plastids of the vegetative cells have red-staining starch primordia too 
minute to be recognized with certainty. 

The presence of fiber-like structures during the rapid division of the 
plastids in the spore mother cells of Physcomitrium seems to be of con- 
siderable significance. When division of these plastids is nearly completed, 
the two halves are connected by a broad, thin isthmus of plastid material. 
At this stage the colloidal protoplasm must be flowing rapidly into the 
halves of the dividing plastid. This movement, which is much more rapid 
than in vegetative plastids, is shown in the fibrous appearance after fixa- 
tion. The similarity of the skein-like connecting band between the plastid 
halves to spindle figures in neighboring mother cells is very striking. The 
general appearance, as well as the staining reaction and texture of the 
fibers, is almost identical in the two cases. It is easy to confuse the two 
structures if examined hastily. It seems impossible to avoid the conclu- 
sion that the two structures have arisen from similar physiological condi- 
tions. That the spindle figure is due to some sort of protoplasmic streaming 
has been repeatedly suggested. These spindle-like structures in dividing 
plastids give additional support to this view. 

This work was completed in the botanical laboratories of the University 
of Texas, and the writer makes grateful acknowledgment to Professor 
Frederick McAllister for continued assistance and encouragement. 


YENCHING UNIVERSITY 
PEIPING, CHINA 
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Explanation of plate 31 


All drawings have been made with the aid of a camera lucida. The original magnifi- 
cation of figures 1-14 was 2300 times; of figures 15-20, 1700 times. This magnification 
has been reduced about one-fifth in reproduction. 

Fig. 1. Cell taken from very young archesporium showing indistinct rounded red- 
staining bodies. Alrichum. 

Fig. 2. Cell from sporogenous tissue showing single plastid containing distinct spindle- 
shaped red-staining bodies. Atrichum. 

Fig. 3. Slightly older cell from sporogenous layer viewed from inner surface, showing 
spindle-shaped bodies in transition from red-staining to blue-staining. Alrichum. 

Fig. 4. Sporogenous cell with two plastids; spindle-shaped bodies partly blue-staining 
and partly red-staining. Alrichum. 

Fig. 5. Still older sporogenous cell with conspicuous starch grains. Atrichum. 

Fig. 6. Cell from two-layered sporogenous layer showing nuclear division and plastids 
with starch grains. Airichum. 

Fig. 7. Cell from young archesporium showing single bowl-shaped plastid containing 
red-staining bodies which are becoming spindle-shaped. Bryum. 

Fig. 8. Cell from single-layered sporogenous tissue. Brywm. 

Fig. 9. Cell from older sporogenous tissue with large, thick plastid and conspicuous 
starch grains. Brywm. 

Fig. 10. Cell with two plastids and abundant starch. Brywm. 

Fig. 11. Cell from young sporogenous tissue showing thin plastid and spindle-shaped 
red-staining bodies. Funaria. 

Fig. 12. Cells from similar tissue showing plastids with starch grains. Funaria. 

Fig. 13. Two cells soon after the completion of cell division. Funaria. 

Fig. 14. Early anaphase of meiosis showing plastids with rounded starch grains. 

Re  Funaria. 

Fig. 15. Spore mother cell showing two plastids which contain rounded red- and blue- 
staining bodies. Physcomitrium. 

Fig. 16. Spore mother cell showing dividing plastid, the two parts of which are not 
quite separated from one another. Physcomitrium. 

Fig. 17. Same cell as shown in figure 16 at a different focus, showing the connecting 
band of fibrous material. Physcomitrium. 

Fig. 18. Spore mother cell showing two plastids with conspicuous rounded starch 
grains. Physcomitrium. 

Fig. 19. Metaphase of first reduction division; showing large plastids. Physcomitrium. 

Fig. 20. Spore mother cell showing second division of plastids; a spindle-like structure 
connecting the two parts of the plastid. Physcomitrium. 
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Daily periodicity of growth in the bamboo, Phyllostachys nigra, 
with special reference to atmospheric conditions of 
temperature and moisture 


WILLARD M. PoRTERFIELD, JR. 


Periodic changes in external conditions are reflected in the recurrent 
alternations of retarded and accelerated plant functions. During the 
grand period of growth this correlated rhythm is especially noticeable. 
Sachs (1874) made it quite clear that in considering the conditions of 
growth it is necessary to distinguish between day and night, not only by 
the mere presence and absence of light but also because of the effect of 
alternating periods of light and darkness on temperature and humidity. 
The differential relation between the opposing factors of daylight retarda- 
tion and day-warmth acceleration partially accounts for periodic changes 
in growth-rate during the twelve hours of daylight, while a similar rela- 
tion exists with equally varying results between the falling night-tempera- 
ture and the rising night-humidity factors during the twelve hours of dark- 
ness. Of the conditions most affecting the rate of growth, Sachs stated 
further that temperature fluctuations outweigh all others. In general the 
growth-rate increases with rising and decreases with falling temperature. 

In previous papers (Porterfield, 1927, 1928) I produced evidence to 
show that during the grand period of growth of bamboo shoots! the fac- 
tor most directly affecting the rate of growth is temperature. I called at- 
tention to the fact that while the records of humidity generally showed a 
drop at times when the growth-rate recorded was higher than usual, the 
temperature, on the other hand, had risen in all of these cases and there- 
fore was to be considered positively the most effective influence. I brought 
forward some data with reference to day and night growth-rates which sug- 
gested that the bamboo shoots under consideration grew faster in the day 
than in the night. While temperature only in conjunction with other fac- 
tors can be said to determine daily periodicity as such, the curves of the 
periodical rates published by me in those papers certainly showed syn- 
chronic variations which undoubtedly were due to external conditions of 
temperature. As the records furnished only averaged readings for each 
day, the conditions at the different periods of the day were not known, 
and hence no connection between the variations in the diurnal and noc- 
turnal rates of growth and the external factors of temperature, humidity, 
and rainfall could be established. I shall introduce in the present paper 
additional measurements of shoots of Phyllostachys nigra Munro made re- 


1 Phyllostachys nigra and P. quadrangularis. 
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cently with special reference to periodic growth during the day, together 
with specific thermic and psychrometric readings. These will determine 
the relation, if any, existing between external conditions and the daily 
periodic growth-rates of bamboo shoots. 


REVIEW OF LITERATURE 


The literature on the growth of bamboos furnishes only scant evidence 
on the subject of the daily periodicity of growth. As I have reviewed the 
literature on the growth of bamboos more fully elsewhere, I shall include 
here merely a sketch of that part which deals more particularly with daily 
periodicity of growth. 

Hofrath von Martius (1848) reported the measurements of Bambusa 
(Dendrocalamus) gigantea Wall., B. Balcoa Roxb., and two other species 
made in 1833 by Hindus working in the Calcutta gardens. Shoots of B. 
gigantea were measured twice daily for the 31 days of July and those of 
B. Balcoa for 23 days in the same month. No tabulations appear in the 
report, no mention is made of the hour at which measurements were made, 
and no statement is made of the external conditions under which the shoots 
were growing. The sum total of daily increments in the former species 
was less than that of the nightly gain, a fact which showed greater growth 
by night. On the other hand, in the latter species the daily increments 
amounted to more than those of the night. 

A. and C. Riviére (1878) paid very careful attention to daily periodicity 
in the growth of their bamboos in Algiers. The measurements tabulated 
were in terms of increments of four categories: those accruing from 6 a.m. 
to 12 noon, from 12 to 6 p.m., from 6 p.m. to 6 a.m., and the total incre- 
ment for the day (24 hours). In other words, not only day and night 
growth but elongation during the daily periods of forenoon and afternoon 
also was studied. Moreover, thermic and psychrometric conditions were 
noted. The complete records of these, however, are not published, so that 
it is difficult to compare the variations in growth-rate with the fluctua- 
tions of temperature and humidity. In the three autumn-growing types, 
Bambusa macroculmis A. & C. Riv., B. vulgaris Wendl., and B. vulgaris var. 
vittata A. & C. Riv., without exception the total gain in the afternoon was 
greater than that made in the forenoon, and the night growth was greater 
than the day growth. On the other hand, the spring-growing forms, Phyl- 
lostachys nigra Munro, P. aurea A. & C. Riv., and P. viridi-glaucescens A. 
& C. Riv., including a young shoot of P. mitis A. & C. Riv., all showed 
greater growth during the day. Of these P. mitis, P. nigra, and one shoot 
of P. viridi-glaucescens showed greater afternoon elongation, while P. 
aurea and the second shoot of P. viridi-glaucescens showed greater morning 
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growth. Another shoot of P. migra measured for eleven days through the 
period of most rapid elongation appears also to have grown faster in the 
morning than in the afternoon. An older shoot of P. mitis, though exhibit- 
ing greater total afternoon elongation, showed greater night growth as 
compared with the morning, contrary to what was found to be the case of 
the younger shoot. An interesting observation made by the Riviéres is 
that, although the total afternoon growth is greater than that of the morn- 
ing, there is a larger number of individual cases in which the forenoon 
growth is greater. Thus, in the table of growth increments for P. nigra in 
Algiers, the gains for twenty-five days are recorded, of which thirteen show 
less growth in the afternoon than in the morning, eleven greater growth in 
the afternoon, and one the same in both. The total for all the days, how- 
ever, showed a balance in favor of afternoon growth. Because of the num- 
ber of cases observed in which under similar conditions diverse results in 
the rate of elongation have been recorded—i.e., cases in which the relation 
between day and night growth and also that between the forenoon and 
afternoon periods have been reversed in the same species under the same 
conditions, e.g., P. mitis, P. nigra, and P. viridi-glaucescens—the Riviéres 
disclaim any influence of external conditions on the growth of bamboo 
shoots generally. 

Kraus (1895) in Java measured two shoots of Dendrocalamus giganteus 
Munro three times a day from December 4 to 10 at 6 a.m., 12 noon, and 
at 6 p.m. In 16 cases with a single exception growth in the twelve hours of 
night was regularly greater than by day in the ratio of 1.8:1. The condi- 
tions were very constant. There was rain every day for two months except 
for five days and the temperature varied regularly every day between 23° 
and 32°C. Kraus remarks that under such conditions, if the curve is irregu- 
lar, the causes must certainly be other than climatic. On December 4 
shoot no. 1 grew 15.4 mm. in the day but only 12.4 in the night. On the 
other hand, shoot no. 2 grew 8.8 in the day and 13.3 mm. in the night, a 
difference of 4.5 mm. in favor of the night. On December 8, 65 per cent of 
the day’s growth of no. 1 was made in the night, while that made by no. 
2 at the same time was 52 per cent. Irregularities and lack of parallelism 
in growth-rate Kraus ascribes to internal factors. 

Lock (1904) in Ceylon measured shoots of Dendrocalamus giganteus 
Munro, together with several of Gigantochloa aspera Kurz and Bambusa 
spinosa Roxb. Measurements were made twice daily at 7:30 a.m. and 
5:30 p.m. from June 19 to July 18. The records of two shoots were tabu- 
lated in terms of growth per hour for day and night, together with the 
height of the shoots at the time of measurement. The ratio of night to day 
growth in both shoots was approximately 3:1. Records for seven days of 
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measurements were made for two shoots of Gigantochloa and these yielded 
very much the same ratio of night to day growth. Hourly measurements 
taken of two shoots of Dendrocalamus from June 22 to 23 and again from 
June 28 to 30 showed in each case a rise of growth-rate to a maximum 
shortly after dark and a fall at daybreak. The values of the morning and 
of the afternoon growth-rates appear to be nearly the same. Lock speci- 
fically states from his experience that the variation of growth-rate during 
the day showed a marked parallelism with changes of weather. As to the 
climatic conditions under which the shoots were growing, he says also that 
the temperature was very constant, the range for June, July, and August 
being from 19° to 30° C., and half of the time from 21° to 25° C. On the 
other hand, sunlight, rainfall, and moisture of the air varied considerably. 
A strong wind was rare. In his discussion Lock, noting the great impor- 
tance of moisture for growth and the regular daily change from dry air 
by day to moist air by night, concludes that it is ‘highly probable that peri- 
odicity of growth may be found in other cases to be connected with periodic 
changes of moisture.’ Curves of hourly growth together with the curves of 
temperature, humidity, and rainfall appear with this account. 

Osmaston (1918) in India at Dehra Dun measured seventeen shoots 
of Dendrocalamus giganteus twice a day at 6 a.m. and at 6 p.m. from August 
19 to September 11, though growth did not cease until the end of Novem- 
ber. These measurements showed that growth at night was twice as rapid 
as that in the daytime. This difference in rate of growth, according to Os- 
maston, has nothing to do with light, nor is it directly connected with 
temperature. The maximum growth was reached when the humidity was 
highest. Nothing was stated as to the relation of morning to afternoon 
growth. 

Galloway (1925), in his allusion to the phenomenal growth of Phyllos- 
tachys bambusoides Sieb. & Zucc. at the Chico Plant Introduction Gardens 
in California, U. S. A., mentions the fact that greatest elongation usually 
took place in the daytime. No tables, no records of climatic conditions, 
and no discussion of daily periodicity are included in his account. 

Of my own previous work on the growth of bamboos (Porterfield, 1927, 
1928), in which I referred to the daily periodicity of growth, I have already 
written. Beyond these papers I find no other works dealing with the daily 
growth periodicity of bamboo shoots. 


METHODS 


The present investigation was carried out on the campus of St. John’s 
University, Shanghai, China, in the spring of the year 1929. Eighteen 
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shoots of Phyllostachys nigra Munro were selected for measurement as they 
appeared, beginning on April 22. Measurements were made twice daily, 
6 a.m. and 6 p.m., up to May 1, from which time they were made three 
times each day, the third time being at 12 noon. These were continued to 
May 11. By May 13 elongation in most cases had slowed up so that for 
the purpose of the investigation further measurements were unnecessary. 
The methods of measuring and of tabulation were the same as those used 
in my previous study of the grand period of growth (1928). The amounts 
of the day and night gain (see table 1), which in each case represent the 
gain of the period just preceding, appear together with those for the total 
height. Table 2 (appendix) contains the measurements made three times 
a day, accompanied by the gains made during the hours of 6 a.m. to 12 
noon, 12 to 6 p.m., and 6 p.m. to 6 a.m. The meteorological station at 
Sicawei nearby kindly supplied the specific readings for the temperature, 
humidity, and rainfall. There are four readings for every day as follows: 
at 4 and 9 a.m. and at 4and 9 p.m. These have been tabulated separately 
in table 3. In order more convincingly to show relationship between the 
daily growth periodicity and external conditions, the curves of daily 
growth were constructed from the data in table 1 together with those re- 
presenting the periodical fluctuations in temperature, humidity, and rain- 
fall. The curves of shoots 1,3,6,and 7 appear in figure 1. The same method 
was employed with the data in table 2, but here as in the previous case, 
owing to lack of space, the curves of shoots 1, 3, 5, and 6 only were plotted 
in figure 2. 

With each shoot the predominance first of day growth over night 
growth, then of afternoon over forenoon growth was figured as percentage 
of total elongation; likewise the average percentage relationship of the 
whole lot was calculated. Day gains for each shoot were first added, then 
the night gains. The sum of the two gave the total increment. The sum of 
the totals for the day gain of all the shoots plus that for the night gain 
equal the sum of the total increments. From this was found the average 
percentage predominance of day over night growth, and in the same way 
afternoon over forenoon growth. In both problems the figures necessarily 
appear in sets, i.e., pairs. Odd figures obviously could not be included in 
the total as they would upset the balance of relationship. This is the reason 
that in the tables the unpaired figures are bracketed. In table 1 a set of 
figures comprises first the daytime increment, followed by the nighttime 
increment. In table 2 a set of figures comprises a forenoon, followed by an 
afternoon increment. The figures for the night gains in both tables are the 
same for the same period of time. 
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OBSERVATIONS 


Before trying to relate the rates of growth to the climatic environment 
of the plants, I shall first describe the conditions under which the shoots 
were growing. The curves in figure 1, showing the daily oscillations of tem- 





Fig. 1. Shoots 1, 3, 6, and 7 of Phyllostachys nigra. The curves of night and day 


growth, together with those of temperature, relative humidity, and rainfall, for 22 days, 
April 22—May 13. 
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perature, humidity, and rainfall, give an accurate picture of conditions 
during growth. 

Temperature. The temperature was found to vary between 7.6° and 
23.3° C. with an average daily fluctuation range of 9°. Some days (April 
23 and May 10) showed as much variation as 14°, while others (May 7 and 
12) showed as little as 2°. In general the temperature follows a regular 
course daily. It rises in the morning, reaches a maximum in the afternoon, 
then sinks rapidly with the setting sun to a low level, which is lowest 
around four o’clock in the morning. The average high point at 4 p.m. was 
22° and the average low point at 4 a.m. was 14°C. On April 24, 25, 27, and 
May 11 the maximum temperature for the day occurred in the morning, 
while on April 25 and May 5 the lowest point was reached in the earlier 
part of the night. These were the only exceptions to the general trend. 

Humidity. The humidity follows a course opposed to that of the tem- 
perature. When the temperature rises during the day, the relative humid- 
ity sinks, but rises at night when the temperature drops. The total range 
of fluctuation was from 32 to 100 per cent, the largest single change in a 
day being 60 per cent, a rise from 38 per cent at 4 p.m. May 5 to 99 per 
cent at 9 a.m. the next day. The average high value at 4 a.m. was 93 per 
cent, and the average low value at 4 p.m. was 60 per cent, giving an aver- 
age daily oscillation of 33 per cent. With the exception of April 22, 25, 27, 
and May 11 the lowest point reached by the humidity during the day was 
at 4 p.m., whereas the highest was generally reached about 4 a.m. As 
regards the degree of rise and fall of the humidity there exists distinct cor- 
relation with the changes of temperature. Thus, on the night of April 25 
an unusual fall in temperature was balanced by an exceptional rise in 
humidity; a slighter rise in temperature during the day of April 27 was 
accompanied by a comparatively slight drop in humidity; a sharp rise in 
temperature on May 1 was balanced by a marked drop in humidity. Again 
a small rise in temperature on May 2 was offset by a correspondingly 
slight lowering of the humidity at the same time. A similar situation arose 
on May 9. During the following night a great drop in temperature oc- 
curred simultaneously with an unusual rise in humidity. During the next 
day (May 10) the humidity sank to an exceptionally low level while the 
temperature rose to an unusually high point. 

Rainfall. Of the twenty-two days recorded, rain fell on ten of them, the 
heaviest fall occurring on May 6 with 59.12 mm. When I say ten days of 
the twenty-two were rainy I mean that rain fell during a part of each of 
them. Only two of the ten were rainy for the entire day, May 6 and 12. 
The ten days grouped themselves into five rainy periods: April 25-26, 27- 
28, 30, May 6-7, and May 11-13. Thus the conditions of moisture are 
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TABLE 1 


Measurements, in centimeters, of shoots of Phyllostachys nigra from A pril 22 to May 13, 1929, 
with special reference to day and night growth 

















1 2° 3 6 
DATE 
DAY | NIGHT DAY | NIGHT DAY | NIGHT pay | NIGHT 
HEIGHT) cain | GAIN | HEIGHT) Gam | cain | ZEIGHT) cam | cain | ZEIGET) cam | GaN 
Acei 
22, 6 p.m. 2.0 _ 2.0 _ — — _ = 
23, 6 a.m. 2.5 f0.5}} 2.3 fo.3}} — _ — _ 
6 p.m. 3.5 1.0 2.8 0.5 —_ _ 10.5 _ 
24, 6 a.m. 4.3 0.8] 3.3 0.5] 3.8 — | 11.7 [1.2] 
6 p.m, 5.5 1.2 4.0 0.7 5 1.3 14.0 2.3 
25, 6 a.m. 6.9 1.4 4.7 0.7 6.3 1.2 16.3 2.3 
6 p.m, 8.5 1.6 5.8 1.1 7.2 0.9 19.3 3.0 
26, 6 a.m. 9.5 1.0 6.6 0.8 8.3 1.1 21.4 2.1 
6 p.m, 11.4 1.9 7.6 1.0 9.5 1.2 25.0 3.6 
27, 6 a.m, 12.7 1.3 8.3 0.7 11.1 1.6 27.6 2.6 
6 p.m, 14.4 1.7 9.6 1.3 12.0 0.9 31.4 3.8 
28, 6 a.m. 15.9 1.5 10.4 0.8 13.7 1.7 34.8 3.4 
6 p.m. 19,2 3.3 12.3 1.9 16.0 2.3 41.7 6.9 
29, 6 a.m, 21.9 2.7 13.4 1.1 18.2 2.2 47.2 5.5 
6 p.m, 27.0 5.1 15.4 2.0 22.6 4.4 57.2 10.0 
30, 6 a.m. 30.1 3.1 17.7 2.3 25.2 2.6 63.7 6.5 
BA 35.0 4.9 20.0 2.3 29.4 4.2 73.0 9.3 
ay 
1, 6 a.m. 39.3 4.3 21.7 $7 33.0 3.6 81.2 8.2 
6 p.m. 49.6 10.3 26.6 4.9 41.7 8.7 97.9 16.7 
2, 6 a.m. 54.5 4.9 30.0 3.4 45.7 + 108.8 10.9 
6 p.m. _ _ _— _— _ _ 126.6 17.8 
3, 6 a.m. 73.7 _ 38.5 _ 58.4 _ 139.2 12.6 
6 p.m. 86.9 13.2 43.0 4.5 66.8 8.4 151.3 12.1 
4, 6 a.m. 92.5 5.6 45.0 2.0 70.5 3.7 | 156.6 5.3 
6 p.m. 101.7 9.2 50.5 5.5 80.4 9.9 175.3 18.7 
5, 6 a.m. 109.1 7.4 53.5 3.0 84.1 3.7 | 185.2 9.9 
6 p.m. 123.5 14.4 58.6 5.1 93.9 9.8 194.4 9.2 
6, 6 a.m. 134.2 10.7 63.6 §.0 | 102.5 8.6 | 202.6 8.2 
6 p.m. 148.3 14.1 69.7 6.1 112.8 10.3 216.2 13.6 
7, 6 a.m, 160.8 12.5 74.2 4.5 | 123.3 10.5 | 227.6 11.4 
6 p.m. 174.0 13.2 78.3 4.1 133.9 10.6 242.5 14.9 
8, 6 a.m. 182.5 8.5 81.1 2.8 | 142.0 8.1 | 252.7 10.2 
6 p.m. 198.8 16.3 86.0 4.9 156.4 14.4 274.6 21.9 
9, 6 a.m. 206.2 7.4 88.2 2.2 | 163.8 7.4 | 284.9 10.3 
6 p.m. 218.5 12.3 92.5 [4.3] 176.5 12.7 303.6 18.7 
10, 6 a.m. 224.1 5.6 _— - 183.3 6.8 | 312.2 8.6 
p.m. 239.7 15.6 _ _ 200.4 17.1 338.0 25.8 
11, 6 a.m. 247.0 7.3 _ _— 210.5 10.1 | 351.0 13.0 
6p.m. | 254.7| [7.7] _ _ 219.4 | [8.9] 364.3 | [13.3] 
12,6a.m — _ — — _ _ _— 
6 p.m 263.0 _ _ _— 228.6 —_ 378.3 _ 
13, 6 a.m. — _— _ _ — —_ _ 
6 p.m. 272.0 _— — — 241.3 _- 396.8 _ 
Totals 139.3 86.0 46.9 31.5 117.1 76.9 208.3 | 131.0 









































* Undersized subnormal shoot. [—] Unpaired or odd measurement; therefore not included in totals. 


seen to have varied through the growing period. In fact, no one of the 
three climatic factors considered showed any degree of constancy. 

Growth. The observations of shoot elongation I shall divide into two 
parts: first, that dealing with the relation of day to night growth, and sec- 
ond, that dealing with the relation of forenoon to afternoon growth. 

Study of table 1 reveals the fact that the sixteen shoots whose measure- 
ments appear all follow the manner of elongation previously described by 
me (1928), and that with few exceptions every day shows a greater gain in 
the daytime than at night. In the table 240 sets of figures in addition to 
those for height are recorded showing day and night increase for each day, 
of which 211, or 87.5 per cent, exhibit greater daytime growth, 23 greater 
night growth, and 6 the same amount of increase in both night and day. 
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TABLE 1 (Continued) 


Measurements, in centimeters, of shoots of Phyllostachys nigra from April 22 to May 13, 1929, 
with special reference to day and night growth 














7 & 9 10 
DATE 
DAY | NIGHT DAY | NIGHT DAY | NIGHT DAY | NIGHT 
HEIGHT) cain | GAIN | HEIGHT) Gam | cain | BEIGHT) Gam | can | ZEIGHT) cam | GaIN 
April 
22, 6 p.m. — _ _- _— _ _ - _— 
23, 6 a.m. _ _ _ _ _— _ _— _- 
6 p.m. 11.8 _ 12.3 _ _— _ 6.3 —_ 
24,6a.m. | 13.6 [1.8]| 14.5 (2.21) — _ 8.5 [2.2] 
6 p.m. 16.5 2.9 17.4 2.9 _— _— 10.5 2.0 
25, 6 a.m, 19.2 3.9 20.8 3.4 _ _ 13.0 2.5 
p.m, 22.4 3.2 25.3 4.5 — - 15.6 2.6 
26, 6 a.m. 25.2 2.8 27.8 2.5 _ — 17.6 2.0 
6 p.m. 30.4 5.2 32.7 4.9 8.5 _ 21.1 3.5 
27, 6 a.m, 34.0 3.6 36.0 3.3 10.5 [2.0]} 23.6 2.5 
6 p.m. 39.1 5.1 40.8 4.8 11.7 1.2 26.8 3.2 
28, 6 a.m. 43.3 4.2 44.8 4.0 13.2 1.5 29.6 2.8 
6 p.m. 51.9 8.6 $3.2 8.4 15.5 2.3 35.2 5.6 
29, 6 a.m, 57.6 S.7 56.0 2.8°| 18.0 2.5 39.2 4.0 
6 p.m. 68.7 11.1 66.8 10.8 21.6 3.6 47.2 8.0 
30, 6 a.m. 74.8 6.1 73.2 6.4 24.5 2.9 $1.6 4.4 
6 p.m. 84.4 9.6 83.1 9.9 28.3 3.8 58.4 6.8 
May 
1, 6 a.m. 90.5 6.1 91.3 8.2 32.6 4.3 63.9 5.5 
6 p.m. 107.1 16.6 108.2 16.9 40.2 7.6 76.0 12.1 
2, 6 a.m. 117.3 10.7 | 120.8 12.6 46.1 5.9 83.1 7.1 
6 p.m. 132.1 14.3 139.8 19.0 55.7 9.6 93.1 10.0 
3, 6 a.m. 146.7 14.6 | 152.6 12.8 62.9 7.2 | 102.2 9.1 
6 p.m. 157.8 11.1 168.8 16.2 73.5 10.6 113.1 10.9 
4, 6 a.m. 161.4 3.6 | 173.6 4.8 77.1 3.6 | 116.2 3.1 
6 p.m. 177.7 16.3 186.6 13.0 87.3 10.2 128.6 12.4 
5, 6 a.m, 185.5 7.8 | 193.4 6.8 92.9 5.6 | 134.0 5.4 
6p.m, | 203.4 17.9 205.5 12.1 105.8 12.9 147.0 13.0 
6, 6 a.m. 214.7 11.3 | 212.5 7.0 | 114.4 8.6 | 155.7 8.7 
6 p.m. 230.7 16.0 219.7 7.2 127.0 12.6 167.8 12.1 
7, 6 a.m. 244.1 13.4 | 225.4 5.7 | 138.9 11.9 | 179.5 11.7 
6 p.m. 260.2 16.1 228.2 2.8 (cut) 192.6 13.1 
8, 6 a.m. 269.5 9.3 | 229.8 1.6 201.9 9.3 
6p.m. | 288.0| 18.5 — ~ 220.3 | 18.4 
9,6a.m. | 294.2 6.2 oo 229.0 8.7 
6p.m, | 308.5 14.3 - _ 244.0 15.0 
10, 6 a.m, 312.5 4.0 _— _ 251.3 7.3 
6 p.m, 329.2 16.7 _ _ 271.8 20.5 
11, 6 a.m, 336.8 7.6 _ _ 283.1 11.3 
6p.m. | 344.4| [7.6] _ — 291.5 | [8.4] 
12, 6 a.m. _— _ _— _- — —_ 
6 p.m. 352.2 _— _ _— 292.0 _— 
13, 6 a.m —_ _— _— _ _ _— 
6 p.m 361.8 _- _ _ 298.7 _— 
Totals 203.5 | 119.7 133.4 81.9 74.4 54.0 169.2 | 105.4 









































* Injured, causing temporary check. 


Of a total increment of 3501.5 cm. gained by these shoots together, 2138.5 
cm., or 61.0 per cent, was gained during daylight. The average gain per 
day by daylight was 8.9 cm., by night 5.6, an average daily oscillation of 
3.3.cm. All shoots without exception grew faster by day than by night and 
the ratio is respectively 1.5:1.0. The largest gain made by any shoot in 
one day was that registered by no. 14 on May 10 when the morning’s 
growth was 1.52 cm., the afternoon’s 20.8 cm., and the night’s 18.4 cm., 
making a total for the twenty-four hours of 54.4 cm. It is a remarkable 
fact that the proportion of the day’s growth accomplished by each of the 
sixteen shoots during the daylight hours, 6 a.m. to 6 p.m., varied only in 
amount between 60 per cent and 63 per cent with the single exception of 
58 per cent in one case. 
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TABLE 1 (Continued) 


Measurements, in centimeters, of shoots of Phyllostachys nigra from A pril 22 to May 13, 1920, 
with special reference to day and night growth 














11 12 13 14 
DATE . . 
DAY | NIGHT DAY NIGHT | DAY | NIGHT DAY | NIGHT 
HEIGHT) cam | carn | BEIGHT) cary | cain | BEIGBT) cam | cain | BEIGHT) gary | Gan 
April 
22, 6 p.m. _ _ = _ — _ _ _ 
23, 6 a.m. _ _ - _ ~~ ean — _ 
6 p.m. 4.8 _ —_ — —_ - = _ 
24, 6 a.m. 6.0 (1.2])} 15.1 _— 6.8 _ — — 
6 p.m. 8.0 2.0 16.7 1.6 9.6 2.8 11.0 _ 
25, 6 a.m. 9.5 1.5 19.2 2.5 11.1 1.5 12.5 [1.5] 
6 p.m. 11.6 2.1 23.2 4.0 12.7 1.6 15.1 2.6 
26, 6 a.m. 13.0 1.4 25.7 2.5 14.4 1.7 17.3 2.2 
6 p.m. 15.6 2.6 30.9 5.2 16.3 1.9 19.6 2.3 
27, 6 a.m. 17.5 1.9 34.3 3.4 18.0 1.7 22.0 2.4 
6 p.m. 20.0 2.5 39.3 5.0 20.4 2.4 24.4 2.4 
28, 6 a.m. 22.3 2.3 43.5 4.2 22.8 2.4 27.2 2.8 
6 p.m. 26.8 4.5 $1.7 8.2 27.0 4.2 32.0 4.8 
29, 6 a.m. 30.2 3.4 $7.5 5.8 30.4 3.4 36.5 4.5 
6 p.m. 36.7 6.5 68.1 10.6 36.9 6.5 44.8 8.3 
30, 6 a.m. 40.6 3.9 73.8 5.7 41.1 4.2 50.1 5.3 
6 p.m. 46.7 6.1 84.0 10.2 47.5 6.4 59.2 9.1 
May 
1, 6 a.m. 52.1 5.4 91.0 7.0 | 53.2 5.7 67.0 7.8 
6 p.m. 61.6 9.5 108.6 17.6 (cut) 83.0 16.0 
2, 6 a.m. 69.2 7.6] 119.1 10.5 94.0 11.0 
6 p.m. 81.0 11.8 135.4 16.3 111.7 17.7 
3, 6 a.m. 90.0 9.0 | 148.1 12.7 124.3 12.6 
6 p.m. | 101.2 11.2 163.2 15.1 141.3 17.0 
4,6a.m. | 106.2 5.0 | 169.6 6.4 146.5 5.2 
6p.m. | 117.8 11.6 184.5 14.9 163.2 16.7 
$,6a.m. | 123.2 5.4 | 191.8 7.3 171.6 8.4 
6p.m. | 135.3 12.1 206.4 14.6 187.5 15.9 
6,6a.m. | 145.0 9.7 | 217.2 10.8 200.5 13.0 
6p.m. | 158.2 13.2 230.5 13.3 218.1 17.6 
7,6a.m. | 170.4 12.2 | 242.2 11.7 233.6 15.5 
6p.m. | 183.1 12.7 255.2 13.0 251.3 17.7 
8,6a.m. | 192.4 9.3 | 262.2 7.0 263.6 12.3 
6p.m. | 210.1 17.7 274.7 12.5 285.0 21.4 
9,6a.m. | 218.0 7.9 | 280.0 5.3 298.2 13.2 
6 p.m. | 231.5 13.5 288.2 8.2 320.0 | 21.8 
10,6 a.m. | 238.0 6.5 | 292.7 4.5 330.8 10.8 
6p.m. | 259.2 21.2 302.6 9.9 366.8 | 36.0 
11,6a.m. | 264.5 5.3 | 308.5 5.9 385.2 18.4 
6p.m. | 273.3 [8.8] 312.1 [3.6] 406.3 | [21.1] 
12, 6 a.m. —_ — —_ _ _ _ 
6 p.m. | 282.1 _ 315.0 — 429.0 _ 
13, 6 a.m —_— _ _ _ _ _— 
6 p.m 293.1 — 317.8 _ 461.0 — 
Totals 160.8 | 97.7 180.2 | 113.2 25.8 20.6 227.3 | 145.4 









































The daily rise and fall of the growth-rate is represented by the curves 
of the sample shoots in figure 1. Every day shows a peak and every night a 
valley in these curves. A glance at the measurements of the shoots not 
figured by the curves will show that these follow a similar trend. The 
curves all synchronize in respect to rising growth-rate in the day and fall- 
ing growth-rate in the night. Moreover, in the unusual degree of elevation 
or depression at irregular intervals there is general agreement. For ex- 
ample, when on May 1 the growth-rate of shoot no. 1 rises sharply we find 
that no.3,6,and 7 do the same. A marked depression in the curves in the 
early morning of May 4 is apparent in all of the curves. A consistently 
high level is maintained by all the curves on May 6 and 7. A sharp fall 
occurs in all of the curves on the night of May 9, which is followed the next 
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TABLE 1 (Continued) 


Measurements, in centimeters, of shoots of Phyllostachys nigra from A pril 22 to May 13, 1929, 
with special reference to day and night growth 















































15 16 17 18 
DATE 
pay | NIGHT DAY | NIGHT DAY | NIGHT | Day | NIGHT 
HEIGHT) cam | GaIN | ZEIGBT) Gam | cain | HEIGHT) Gam | cam | HEIGHT) cain | GAIN 
April 
22, 6 p.m. -_ _ _ —_ — ae Fae px’ 
23, 6 a.m. _— — — aan ane eal aes aaa 
6 p.m. a om -- a _ — - — 
24, 6 a.m. —_ — _ os ome ay ma Pm A 
6 p.m. 33) — 701 = 63) — $3) — 
25, 6 a.m. 9.5 [1.2]} 7.8 (0.8}} 7.7 (0.9}} 6.3 [1.0] 
6 p.m. 11.4 1.9 9.0 1.2 9.2 1.5 7.3 1.0 
26, 6 a.m. 12.5 1.1 9.7 0.7 10.1 0.9 8.2 0.9 
6 p.m. 13.6 1.1 11.2 1.5 11.3 1.2 9.3 1.1 
27, 6 a.m. 16.0 2.4 12.3 1.1 12.5 1.2 10.5 1.2 
6 p.m. 17.7 8, 13.5 5.2 13.5 1.0 11.4 0.9 
28, 6 a.m. 19.3 1.6 14.6 1.1 14.6 1.1 12.4 1.0 
6 p.m. 22.5 3.2 16.8 2.2 16.5 1.9 14.2 1.8 
29, 6 a.m. 25.3 2.8 19.0 2.2 18.1 1.6 15.2 1.0 
6 p.m. 30.0 4.7 21.8 2.8 20.5 2.4 17.9 3.9 
30, 6 a.m. 33.6 3.6 24.2 2.4 22.5 2.0 19.6 1.7 
6 p.m. 39.1 $.§ 27.8 3.6 25.0 2.5 21.6 2.0 
May 
1, 6 a.m. 43.5 4.4 31.7 3.9 28.0 3.0 24.5 2.9 
6 p.m. 53.7 10.2 39.2 7.5 34.2 6.2 29.7 5.2 
2, 6 a.m. 61.0 7.3 45.3 6.1 39.3 5.1 34.1 4.4 
6 p.m. 72.6 11.6 54.9 9.6 47.7 8.4 41.5 7.4 
3, 6 a.m. 81.5 8.9 63.2 8.3 54.5 6.8 47.5 6.0 
6 p.m. 92.9 11.4 73.8 10.6 63.3 8.8 55.8 8.3 
4, 6 a.m. 97.0 4.1 77.6 3.8 67.3 4.0 58.9 3.1 
6 p.m. 107.8 10.8 87.9 10.3 76.6 9.3 67.6 8.7 
5, 6 a.m. 114.3 6.5 93.5 5.6 82.1 5.5 72.3 4.7 
6 p.m. 124.3 10.0 106.7 13.2 93.3 11.2 82.8 10.5 
6, 6 a.m. 131.5 7.2 | 115.5 8.8 | 102.1 8.8 90.2 7.4 
6 p.m. 142.5 11.0 127.5 12.0 113.6 11.5 98.4 8.2 
7, 6 a.m. 155.7 13.2 | 136.2 8.7 | 124.0 10.4 | 106.3 7.9 
6 p.m. 168.4 12.7 150.1 13.9 138.8 14.8 117.2 10.9 
8, 6 a.m. 177.1 8.7 | 159.4 9.3 | 140.1 4.3 | 323.7 6.5 
6 p.m. 191.4 14.3 173.6 14.2 154.6 14.5 137.0 13.3 
9, 6 a.m. 200.5 9.1 183.1 9.5 | 163.5 8.9 | 144.2 7.2 
6p.m. | 216.8 16.3 195.5 12.4 175.0 | 11.5 (cut) 
10, 6 a.m. 222.0 5.2 | 203.8 8.3 | 182.1 7.1 
6 p.m, —_ _ 228.0 24.2 204.7 22.6 
11, 6 a.m. — _ 242.7 14.7 | 220.8 16.1 
6 p.m. — — 260.0 | [17.3] 236.6 | [15.8] 
12, 6 a.m. _ _ —_ _ _ _— 
6 p.m. —_ -— 280.2 _ 259.8 - 
13, 6 a.m. _ _ — _ — _ 
6 p.m. — —_ 313.2 - 291.6 _ 
Totals 127.4 86.1 140.4 94.5 129.3 83.8 82.0 55.9 








day by an equally marked rise of the growth-rate, which in two cases was 
the maximum rate reached by those shoots. 

I shall now take up the observations of the periodical growth during 
the daylight hours, 6a.m. to 6 p.m. Figure 2 shows the increment curves 
of sample shoots, no. 1, 3, 5, and 6, plotted for the days May 1 to 11 to- 
gether with the curves showing the climatic record for the period stated. 
Of the 133 sets of figures for morning and afternoon growth, 118, or 88.7 
per cent, exhibit predominance of afternoon growth, 13 greater forenoon 
growth, and 2 were ties. A total increment of 1774.8 cm. was gained in the 
daytime for the ten days. Of this amount 1033.4 cm., or 58.5 per cent, 
was gained in the afternoon hours, 12 noon to 6 p.m., and 741.4 cm. in the 
morning. The average morning gain per day was 5.5 cm., the average 
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afternoon gain was 7.7 cm., an average daily oscillation of 2.2 cm. for the 
ten days of measurement. As in the former case the range of difference 
in the proportion of afternoon predominance in growth is small, being from 
57 per cent to 62 per cent with the exception of one afternoon which reg- 
istered only 55.5 per cent of the day’s growth. The total afternoon growth 
of each shoot without exception was greater than the total forenoon growth. 
The ratio of total afternoon to total forenoon growth is 1.4:1. 

Growth in relation to climatic conditions. By comparing the periodical 
fluctuations of the normal daily temperature and relative humidity with 
those of the daily growth-rates, I find unmistakable correlation. I have 
pointed out that irregularities and modifications of the normal daily os- 
cillation of growth-rate occur. A study of the growth increase represented 
by the growth curves in figure 1 shows that these irregularities synchronize. 
Thus on May 1 the unusual rise in temperature by four o’clock in the after- 
noon to 25.3° (which was probably higher an hour or so earlier) together 
with a drop in humidity to 60 per cent was accompanied by a very ob- 
vious rise in all of the curves simultaneously. Conversely, the very low 
drop in temperature to 9.5° on the night of May 3 with a medium humidity 
was accompanied by a slump in the growth-rates of all the shoots, not 
only of the sample shoots represented by the curves, but also of those 
other shoots whose measurements are recorded in table 1. This same reac- 
tion may be observed also on the night of May 9. The consistently high 
level maintained by the temperature on the nights of May 5 and 6 regard- 
less of varying conditions of atmospheric moisture synchronize with rela- 
tively high rates of growth on those nights. During the daylight hours of 
May 9, despite a humidity that registered higher than usual, the low rate 
of increase was accompanied by a low temperature. 

I find with respect to periodical fluctuations in the growth-rate during 
daylight the same correlation with climatic changes. By referring to figure 
2 this connection can be readily perceived. Without exception the tem- 
perature at four in the afternoon registered higher than at nine in the morn- 
ing every day. With only three exceptions the sample curves all possess an 
upward slant in the daylight columns. This indicates an increase in growth- 
rate during the hours 6 a.m. to 6 p.m. every day. The synchronism in the 
rise and fall of the growth-rate is marked in curves of the sample shoots 
especially from 4 p.m. on May 5 to 9 a.m. on May 9. On May 5 there was 
less than a degree’s difference in temperature between the morning and 
afternoon readings. The gains of the sample shoots for the morning and 
afternoon period reflect this stable condition in their individual reactions, 
which lack any evidence of uniformity. A sharp rise in temperature from 
morning to afternoon on May 6 in the presence of a uniformly high hu- 
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midity with rain is accompanied, on the other hand, by a very uniform in- 
crease in growth-rate during daylight. A similar conformity of response 


Temperature (centigrade) 


Relative humidity (°7o) 
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Fig. 2. Shoots 1, 3, 5, and 6 of Phyllostachys nigra. Thecurves of forenoon, after- 
noon, and night growth, together with those of temperature, relative humidity, and 
rainfall for ten days, May 1-11. Black columns signify night. 
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may be observed during the daytime, on May 8 and 10, under similar cir- 
cumstances, but with falling humidity and no rain. It is notable that on 
five days, May 3, 4, 8, 9, and 10, with two exceptions (shoot no. 1 on May 
4 and no. 3 on May 10), the sample shoots grew faster in the six hours of 
afternoon than during the whole 12 hours of the night following in each 
case. In this connection it should be observed that owing to wind the tem- 
perature on the nights of May 3 and 4 went down to 9.5° and 11.5°, respec- 
tively, and that the humidity in both the day and the night, but especiaily 
in the day, was unusually low (36 per cent); that on May 8 and 10 the ex- 
cessive temperature as indicated by the registration at 4 p.m. coincided 
with the larger gains accruing during the same period, that the lower fall of 
the temperature (to 12.6°) on the night of May 9 is reflected in the smaller 
increase of the shoots during that time. The measurements of the shoots 
whose curves do not appear in the figure exhibit the same response in 
growth-rate to the climatic factor of temperature as those whose curves do 


appear. 


DISCUSSION AND CONCLUSIONS 


In seeking for special causes for unusual rates of growth observed to 
have occurred simultaneously in a majority of shoots at definite times, we 
are inevitably led to the conclusion that such causes are to be found in the 
climatic conditions surrounding the growing shoots. If it can be shown that 
unusual conditions of temperature and humidity are accompanied by the 
same degree of change in the growth-rate of a majority of the shoots, we 
have evidence of correlation. The problem is to distinguish between the ef- 
fects of separate climatic factors. To determine which of the two factors, 
temperature or humidity, most affects the rate of elongation, an analysis of 
each case of apparent effect must be undertaken. Under the fairly constant 
conditions described by Kraus (1895) in Java, individual peculiarities were 
sure to become evident, while in Ceylon (Lock, 1904) with the temperature 
constant, the effects of varying conditions of atmospheric moisture would 
tend to show. Lock (1904) found that the fluctuation of growth-rates ob- 
served from Shibata’s (1900) measurements of shoots of Phyllostachys mitis 
A. & C. Riv. were due rather to temperature changes than to changes in 
the relative humidity. In a former paper (Porterfield, 1927) I showed that 
fluctuations in the daily rates of growth at Shanghai were due to variations 
of the temperature and not to those of humidity. I maintain on the basis 
of my observations that the effects of temperature fluctuations are to the 
same degree evident in the daily oscillations of growth-rate regardless of 
variations in conditions of atmospheric moisture, and that for this reason 
temperature can be considered the climatic factor which more than any 
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other governs the rate of growth of Phyllostachys nigra shoots, if not bam- 
boo shoots generally, growing in the Shanghai area of China. 

In the early part of the grand period of growth the rate of increase is 
very slow and the day-to-day fluctuations are very slight. As time passes, 
however, the daily growth-rates become more rapid and the periodical oscil- 
lations more pronounced. It follows, therefore, that any modifications to- 
ward more or less rapid rates of growth show up proportionately more 
clearly. When such modifications of the growth-rate are manifest in all 
shoots simultaneously, the fact becomes significant. In figure 1 the normal 
curves of daily growth show unusual deviations at certain points. The 
same may be said of figure 2 where the day gain in contrast to the night is 
divided into forenoon and afternoon increments. The unusual deviations 
in figure 1 may be arranged in four categories as follows: 


1. Maximum gains during daylight................/ April 29, May 1, 8, 10. 
2. Minimum gains during daylight................4 April 30, May 9. 

3. Maximum gains during the night............... May 1, 5, 6. 

4. Minimum gains during the night............... May 3, 8, 9. 


Not only the shoots represented by the sample curves but those whose 
measurements are contained in table 1 exhibit the same behavior. The 
high temperature (19.3°) registered at 9 a.m., April 29, in contrast to that 
recorded on either the day before or the day after at the same time, sug- 
gests (despite an afternoon temperature slightly lower than those of the 
two other days mentioned) that from noon to one o’clock, because it was 
sunny, the temperature rose to a higher level than that indicated by the 
curve; so the same reasoning may be applied here as to the other cases, that 
the higher temperature caused the more rapid elongation of the shoots. 
Hence the rise in the growth curves on that day. Concerning the second 
category a word of explanation is needed. A low morning temperature on 
April 30, because of cloudiness, brought down the mean for the day and the 
growth-rates came down also, in spite of optimum moisture conditions. 
There is no reason for believing that the temperature went up much more 
than is indicated by the curve, as was the case on the preceding day. All 
the other dates mentioned show clear agreement between the rate of elon- 
gation and the temperature variations. High mean temperatures for the 
night as well as for the day are reflected in the relatively high rates of 
growth for both periods, while low degrees of temperature, on the other 
hand, are seen to cause a decrease in the rate of elongation in spite of vary- 
ing conditions of atmospheric moisture. 

In a similar way the unusual gains in forenoon and afternoon may be 
assembled in four categories: 
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py hi iics ce vse cbbaWwdeUehe Os clea May 8 and 10. 
EO ee May 3 and 6. 
EE ee May 3, 4, 8, 10. 
ED NS a abc wah cimscacconcbees May 5 and 7. 


May 8 and 10 appear in categories 1 and 3 owing to the fact that both 
days were sunny, as a result of which the temperature started to climb 
from sunrise, while on the other hand the 9th was cloudy. The effect of the 
temperature on the growth-rates may be read in their rise in the former 
case and their fall in the latter. The contrast between the morning and 
afternoon temperatures on May 3 and 6 and their resultant effect on the 
growth-rates is obvious. It is noteworthy that in spite of the very contrast- 
ing conditions of moisture the reactions of the growth-rates which paral- 
leled the temperatures on the two days are similar. It should clearly be 
pointed out with regard to the third category that on the dates mentioned 
the afternoon gain was greater than that of the whole twelve hours of night 
in each case. It may also be mentioned that on the afternoon of May 9 the 
rate of growth registered higher than that of the following night chiefly by 
reason of the fact that during the night a low temperature prevailed which 
severely checked growth for that period; hence this date is not included. 
Nevertheless, the parallelism between the high level of the temperature and 
the high rate of elongation is marked. On May 5 and 7 the afternoon gains 
were low because on the both occasions it was cloudy. On the 5th we have 
an instance of nearly constant temperature conditions for the twelve hours 
of daylight (20.7°-21.3°C) with the relative humidity sinking very low 
(43-38 per cent). The net result was that the rate of growth was checked, 
in some cases, causing it to fall below the rate of the morning. In other 
words, although there were optimum temperature conditions, they were 
constant, so that variations in other factors, in this case humidity, had a 
noticeable effect on the rate of elongation. This approximates Lock’s (1904) 
experience with the giant bamboo Dendrocalamus in Ceylon. 

The purpose of classifying the periods of unusually large or small gains 
in both problems is to show that temperature may not only stimulate 
higher rates of growth at certain times of the day, but may also have a re- 
tarding effect, and that both effects may occur at any time; that while high 
degrees of temperature seem to induce higher rates of growth, low tempera- 
tures seem to have a reducing effect on these rates. The evidence as a 
whole, after comparing individual cases, both within and without similar 
categories, and after analyzing carefully each class of circumstances, points 
toward the definite conclusion that temperature is the dominating climatic 
factor governing the growth of Phyllostachys nigra shoots in Shanghai. 
Notwithstanding the high transpiration during the sunny hours of day- 
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light, the diurnal rise of temperature which reaches its peak usually after 
noon seems to have induced an accelerated growth-rate, while at night, de- 
spite the optimum conditions of atmospheric humidity, the growth-rate 
slows down with the drop in temperature. 

Because of my emphasis on temperature, it should not, however, be 
thought that moisture is claimed to be of no importance in the growth of 
bamboo shoots. It is, on the other hand, the conditioning factor of its dis- 
tribution. Without moisture bamboos cannot exist, and even the spread 
of varieties occupying inland altitudes follows the line of available mois- 
ture. This means that, given an average humidity of saturation 75-80 per 
cent with temperature fluctuations above 7°C., the existence of bamboos 
is assured, but that from this point during active growth temperature is 
the chief governing factor. Precipitations and varying conditions of atmos- 
pheric moisture beyond the conditioning point seem not to have had any 
influence on the rate of growth except occasionally as a check because of 
the cooling effect when rain fell. Certainly the present evidence does not 
show anything like the parallelism of growth-rate with the relative humid- 
ity that Lock found in his studies of the hourly growth of Dendrocalamus 
with relation to conditions of moisture and temperature at Peradeniya, 
Ceylon, but it does, on the other hand, show close agreement at any time 
between the rates of growth and temperature. I, therefore, conclude, not 
only from the present evidence but from that published by me previously 
(Porterfield, 1927, 1928) with regard to the factor having the most effect 
during the grand period of growth, that the rate of elongation of Phyllo- 
stachys nigra shoots in Shanghai, including variations of the normal peri- 
odicity of growth, daily and diurnal, is affected most by fluctuations of 
temperature, irrespective of variations in moisture conditions. 


SUMMARY 


1. Eighteen shoots of Phyllostachys nigra were measured at St. John’s 
University, Shanghai, China, from April 22 to May 1, 1929, twice daily, at 
6 a.m. and at 6 p.m., and from May 1 to 11 three times a day, at 6 a.m., at 
12 noon, and at 6 p.m. All measurements ceased on May 13. 

2. Elongation in all shoots took place more rapidly during the day than 
during the night, the ratio being approximately 1.5:1.0. Of the 240 sets of 
figures representing the day and night gains for sixteen shoots, 211, or 87.5 
per cent, exhibit greater daylight growth, 23 greater night growth, and 6 
the same amount during both times. Of the total increment of 3501.5 cm. 
gained by these shoots together, 2138.5 cm., or 61 per cent, were gained 
during daylight. The average gain per day for the grand period was 8.9 cm. 
by day and 5.6 cm. by night. The largest gain recorded was 54.4 cm. for 
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24 hours, by shoot 14 on May 10, 36 cm. of which represents the daytime 
increase and 18.4 cm. that of the night. 


3. During the daylight hours 6 a.m. to 6 p.m. elongation was most rapid 
in all shoots in the afternoon, the ratio being 1.4:1.0. Of the 133 sets of 
figures for morning and afternoon growth 118, or 88.7 per cent, exhibit 
greater afternoon growth, 13 greater forenoon growth, and 2 the same for 
both afternoon and morning. Of the total increment of 1774.8 cm. gained 
by the sixteen shoots together in ten days, 1033.4 cm., or 58.5 per cent, were 
gained in the afternoon hours 12 noon to 6 p.m. and 741.4 cm. in the morn- 
ing hours 6 a.m. to 12 noon. The average morning gain per day for the ten 
days, May 1 to 11, was 5.5 cm. and that of the afternoon 7.7 cm. The 
largest single increase in the morning and afternoon was registered by shoot 
14 on May 10 when the morning growth was 15.2 cm. and that of the after- 
noon 20.8 cm. 


4. The periodical fluctuations of temperature and relative humidity 
were noted and were found to be variable, depending on sunlight, wind, and 
rain. Records of temperature and relative humidity taken four times a day, 
4 and 9 a.m. and 4 and 9 p.m., revealed the fact that the temperature daily 
varied inversely as the relative humidity, that the high register of the day 
for temperature was generally at 4 p.m. with the relative humidity reach- 
ing its lowest, and that the low point of the temperature was reached at 
4 a.m. when the relative humidity was highest. The average daily range 
for temperature was from 22°C. at 4 p.m. to 14° at 4 a.m., while for the 
corresponding times the relative humidity ranged from 60 to 93 per cent, 
respectively. There were five rainy periods, April 25-26, 27-28, 30, May 
6-7, and May 11-13, of which the second and third periods were the least 
rainy. The largest precipitation came on May 6 when altogether 59.12 
mm. of rain fell. 


5. The sample curves of shoots 1, 3, 6, and 7 plotted in figure 1 show 
synchronic variations with the curve of temperature above and beyond 
normal periodicity. From the evidence high temperature during the day 
regardless of moisture conditions brings about an increase in rate of elon- 
gation, while a low temperature checks it. At night a higher temperature 
than usual is at once reflected in a larger increase in height of the shoots, 
while the reverse effect is observed with low temperatures. 


6. The sample curves of shoots 1, 3, 5, and 6 in figure 2 corroborate the 
evidence brought out in figure 1. The cause of unusual morning and after- 
noon gains is to be looked for in the higher degrees of temperature exist- 
ing at those times. Relatively small gains, on the other hand, even though 
optimum conditions of moisture prevail, are to be referred to low tempera- 
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ture. The close agreements between the temperature and growth curves as 
to general behavior warrant this assumption. 


7. The measurements of the shoots contained in tables 1 and 2, but not 
represented in the figures, furnish additional corroboration of the principle 
that temperature affects growth-rate more than any other factor, and to- 
gether they support the general proposition that with rising temperature 
the rate of elongation increases, with falling temperature it decreases re- 
gardless of the moisture conditions. 


St. JoHn’s UNIVERSITY 
SHANGHAI, CHINA 
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The record of the climatic conditions of temperature, relative humidity, and rainfall 


BULLETIN OF THE TORREY CLUB 


TABLE 3 


taken four times daily during the grand period of growth of 
Phyllostachys nigra in 1929 









































DATE TEMPERATURE RELATIVE RAINFALL REMARKS 
(CENTIGRADE) HUMIDITY (MILLIMETERS) 
April 
22, 4 a.m. 7.6 78 Mild but windy. 
9 16.6 32 
4 p.m. 19.7 41 
9 13.1 74 
23, 4 a.m. 12.7 74 Sunny and warm. 
9 20.0 53 
4 p.m. 26.3 44 
9 16.7 85 
24, 4 a.m. 14.2 95 Sunny and warm. 
9 24.0 61 
4 p.m. 21.0 42 
9 18.7 80 
25,4 a.m 16.8 90 Windy; cloudy, 
9 22.8 64 rain. 
4 p.m 17.7 76 
9 11.0 99 5.85 
26, 4 a.m 12.7 92 2.54 Clearing. 
9 16.7 76 0.50 
4 p.m 22.4 43 
9 15.1 72 
27, 4 a.m. 13.7 90 Sloudy; showery. 
9 19.6 63 
4 p.m 17.9 68 0.25 
9 15.0 78 
28, 4 a.m. 13.6 95 0.25 Shower; cloudy. 
9 17.5 85 0.75 bright. 
4 p.m 23.5 51 
9 17.9 80 
29,4 a.m 12.8 90 Sunny. 
9 19.3 61 
4 p.m. 21.5 59 
9 14.5 88 
30, 4 a.m. 12.9 94 Showers; cloudy 
9 16.3 89 0.50 bright; sunny, 
4 p.m. 22.7 71 1.01 
9 16.1 96 
May 
1,4a.m 14.5 100 Sunny and warm. 
9 18.1 87 
4p.m 25.3 60 
9 16.3 94 
2,4 a.m 16.2 98 Hazy and sunny. 
9 19.5 84 
4 p.m 21.9 76 
9 17.6 92 
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TABLE 3 (Continued) 
The record of the climatic conditions of temperature, relative humidity, and rainfall 
taken four times daily during the grand period of growth of 
Phyllostachys nigra in 1929 






































DATS TEMPERATURE | RELATIVE RAINFALL REMARKS 
(CENTIGRADE) HUMIDITY | (MILLIMETERS) 
May 
3,4 a.m 16.5 97 Cloudy; clearing, 
9 15.2 88 breeze. 
4 p.m 20.6 40 
9 22.1 79 
4,4 a.m. 9.5 91 Clear; cooler and 
9 19.2 42 windy. 
4 p.m. 21.7 36 
9 13.2 72 
5, 4 a.m. 11.5 84 Windy; cool and 
9 20.7 43 clear; then 
4 p.m. 21.3 38 cloudy. 
9 16.0 59 
6, 4 a.m. 16.3 97 1.52 Rain. 
9 17.2 99 37.10 
4 p.m. 20.5 95 13.90 
9 18.6 99 6.60 
7,4 a.m 15.2 95 2.28 Cloudy. 
9 18.3 81 
4 p.m 18.6 79 
9 16.1 91 
8,4 a.m 14.4 97 Sunny. 
9 19.5 78 
4p.m 22.1 74 
9 15.4 93 
9,4 a.m. 13.1 99 Sunny and cloudy. 
9 19.2 82 
4 p.m. 20.2 79 
9 15.2 97 
10, 4 a.m 12.6 100 Sunny and warm. 
9 21.3 74 
4 p.m 26.1 64 
9 18.1 89 
11,4a.m 17.0 80 Cloudy with breeze; 
9 19.3 74 rainy. 
4p.m 18.2 86 0.10 
9 15.3 81 5.58 
12,4 a.m 14.6 97 3.30 Rain. 
9 15.7 96 1.52 
4p.m 16.4 93 0.58 
16.2 95 1.00 
13,4 a.m 15.9 95 0.25 Clear. 
9 21.5 61 
4 p.m 21.8 55 
9 15.0 93 
































New plants from Colorado 
GEORGE E. OsTERHOUT 


Juncus exilis sp. nov. A tufted perennial 10-15 cm. high, stems very 
slender, almost filiform; the leaves filiform and involute, some of them as long 
as the stems, sheaths of the leaves with rather short scarious ligules; the very 
slender spathe 1-4 cm. long; the inflorescence 3-5 flowered, 8-10 mm. long, or 
some times a single flower; perianth segments acute, 3-4 mm. long, the inner 
or petals broadly scarious margined, with 2 brownish veins which unite at the 
apex, the sepals somewhat narrower with a mid-rib; the capsule 3-valved, the 
length of the perianth lobes. 


This species has some likeness to Juncus confusus Coville, but is a much 
smaller plant. 


Collected at Steamboat Springs in Routt County, Colorado, July 11, 1913. 
No. 4965. 


Chenopodium deltaphyllum sp. nov. Stem 5-7 dm. high, glabrous and 
often reddish, branched from the base with spreading branches, the lower 
branches 3-4 dm. long; the whole plant sparingly leafy, with rather small 
delta-shaped leaves, glabrous above, slightly mealy beneath, 1—2 cm. long and 
about the same in width at the base, thickish and 3-nerved, obtuse, on petioles 
about 1 cm. long, the upper becoming lanceolate or oblanceolate; the inter- 
rupted glomerate spikes exceeding the leaves, slightly mealy; the sepals 
scarcely carinate, and only partially covering the seeds; the pericarp easily 
separating from the seeds, which are black and shining and over 1 mm. wide. 


This species is somewhat related to Chenopodium Fremontii S. Wats., 
but it a stouter plant; it is less leafy and the leaves smaller and thicker; the 
glomerules of fruit are larger, and the seeds larger. 


Collected in Estes Park, Larimer County, Colorado, along the road from 
the Park to Glacier Basin, Sept. 4, 1930. No. 7308. 


Pentstemon pallescens sp. nov. Subalpine, stem 4-6 dm. high, rather 
slender, glabrous but slightly glandular at the top; stem leaves ovate-acumi- 
nate and clasping at the base, 5-7 cm. long, about 5 pairs to the inflorescence, 
root leaves spatulate and petioled, glabrous; inflorescence 10-15 cm. long, 
paniculate and crowded at the top, the peduncles short, slightly glandular; 
the caylx lobes narrowly ovate, acuminate, glandular pubescent, 8-10 mm. 
long; the corolla whitish, but appearing yellowish in the dried specimens, 
20-25 mm. long, not strongly funnelform, the tube much shorter that the 
throat, the lower lip bearded within, the whole corolla slightly pubescent with- 
out, the anthers glabrous and black, dehiscent for their whole length; the 
sterile filament with a slight tuft of yellow hairs at the tip; the capsule ovate, 
almost 1 cm. long. 
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Collected on Rabbit Ears Pass, southwest of North Park, Colorado, Aug. 
5, 1930. No. 7280. 


Chrysopsis elata sp. nov. Stems one or more from a seemingly creeping 
rootstock, branched only near the top, slender, 6 dm. high, puberulent and 
with a few scattered hairs, leafy to the top, the upper leaves slightly smaller; 
stem leaves oblanceolate, narrowed to a sessile base or the lower ones short 
petioled, the upper part tapering to an apiculate point, a few ciliate hairs near 
the base, and a few hairs on the midrib beneath, somewhat granuliferous on 
both sides under a good glass; heads clustered at the top, on puberulent 
peduncles 3-4 cm. long and subtended by linear bracts; involucral bracts 
linear, glandular puberulent; achenes 3 mm. long, narrowly obovate; pappus 
brownish. 


Collected at Red Cliff, Eagle County, Colorado, Aug. 16, 1906. No. 3335. 


Cryptantha exigua sp. nov. A small annual plant, much branched from 
the base, the stems about 5 cm. long, strigose with coarse stiff hairs; leafy, the 
leaves 5-7 mm. long, oblanceolate, about 1 mm. wide near the upper end, 
hispid; the calyx lobes not more than 2 mm. long, in fruit somewhat longer, 
covered with long straight hairs; the corolla white, slender, about 2 mm. long; 
the 4 nutlets narrowly ovate, 1 mm. long, light colored, all smooth, no open 
areola between the forks of the groove, and seemingly attached for their whole 
length. 


This is a Cryptantha which I collected with specimens of Mertensia 
micrantha A. Nelson in July 1900 or July 1903, in Moraine Park, in the 
western part of Estes Park, Larimer County, Colorado, and overlooked 
until recently when I was re-examining my old collections. 

I have numbered it 7339. 

OENOTHERA LACINIATA GRANDIS Britton. I collected this plant quite a 
number of years ago, July 1895, along the railroad bank at Palmer Lake, 
El Paso County. It may not grow there now, but Oenothera laciniata is 
said to be quite common in Nebraska, and probably may be found in 
eastern Colorado. 


Winpsor, WELD County 
COLORADO 

















INDEX TO AMERICAN BOTANICAL LITERATURE 
1928—1930 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are 
not permitted; each subscriber must take all cards published during the term 
of his subscription. Correspondence relating to the Index may be addressed 
to the Treasurer of the Torrey Club. 


Aikman, J. M. Secondary plant succession on Muscatine Island, 
Iowa. Ecology 11: 577-588. f. 1-10. Jl 1930. 

Applegate, E. I. Some undescribed plants from the Pacific states. 
Contr. Dudley Herb. Stanford Univ. 1: 151-154. 20 Je 
1930. 


New species are described in Erythronium (2) and Mertensia (1). 


Bach, W. J., & Taubenhaus, J. J. Black-rot of cabbage and its 
control. Texas Agr. Exp. Sta. Circ. 57: 1-9. f. 1. Au 1930. 

Backeberg, C. Neue und wenig bekannte Cereen aus dem nérd- 
lichen Siidamerika. Monats. Deutsch. Kakteen-Gesell. 2: 
161-167. illust. Au 1930. 


Includes descriptions of four new species in Cereus. 


Bailey, C. M. The genus Peperomia in northeastern South 
America. Trans. Illinois Acad. Sci. 20: 41-55. Mr 1928. 
Bauer, H. L. On the flora of the Tehachapi Mountains, Cali- 

fornia. Bull. So. California Acad. Sci. 29: 96-99. Au 1930. 

Baxter, D. V. A brush treatment of moldy staves. Phytopath- 
ology 20: 575-582. f. 1-4. Jl 1930. 

Beadle, G. W. Genetical and cytological studies of Mendelian 
asynapsis in Zea Mays. Cornell Agr. Exp. Sta. Mem. 129: 
1-23. pl. 1-6+f. 1, 2. My 1930. 

Beebe, W. The cedars of Nonsuch. Atlantic Monthly 145: 594— 
600. My 1930. 

Bill, J. P. Carex Knieskernii Dewey. Rhodora 32: 162-166. 
“Au” 28 J1 1930. 

Blake, S. F. A glabrous variety of Aster concolor. Rhodora 32: 
144-145. ‘“‘Au’”’ 28 Jl 1930. 

Blake, S. F. A new Polygala from Bermuda. Proc. Biol. Soc. 
Washington 43: 161-162. 26 S 1930. 

Blake, S. F. Two new Asteraceae from Mexico collected by 
George S. Woronow. Proc. Biol. Soc. Washington 43: 163- 
165. 26S 1930. 
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Bodine, E. W., & Durrell, L. W. Inoculation of wheat with Til- 
letia levis (Kiihn). Phytopathology 20: 663-668. f. 1, 2. Au 
1930. 

Bodeker, F. Echinocactus Knuthianus Béd., sp. n. Monats. 
Deutsch. Kakteen-Gesell. 2: 139-141. dllust. Jl. 1930. 

A Mexican plant. 


Bédeker, F. Eine neue eigenartige Coryphantha. Monats. 
Deutsch. Kakteen-Gesell. 2: 168-170. illust. Au 1930. 
Boothroyd, L. E. The morphology and anatomy of the inflores- 
cence and flower of the Platanaceae. Am. Jour. Bot. 17: 

678-693. pl.40,41+f. 1-7. “Jl” 6 Au 1930. 

Bowen, R. H., & Buck, L. H. Notes on cytoplasmic structure in 
the gymnosperms. Ann. Bot. 44: 564-586. pl. 30, 31+-f. 1. 
Jl 1930. 

Bower, F. O. Size and form in plants. Science II. 72: 227-233. 
5S 1930. 

Boyd, O. C. A bacterial disease of tung-oil tree. Phytopathology 
20: 756-758. f. 1. S 1930. 

Brand, L. Colorado mountain gentians. Nature Mag. 16: 85-88. 
illust. Au 1930. 

Bratley, C.O. Notes on flooding injury to strawberries. Phyto- 
pathology 20: 685-686. Au 1930. 

Bray, W. L. The development of the vegetation of New York 
State. N. Y. St. Forestry Tech. Publ. 29: 1-188. f. 1-60. 
Mr 1930. [2nd edition.] 

Breazeale, J. F. Maintenance of moisture-equilibrium and nu- 
trition of plants at and below the wilting percentage. Arizona 
Agr. Exp. Sta. Tech. Bull. 29: 137-177. f. 1-14. 15 Mr 1930. 

Breazeale, J. M. Color schemes of Cacti. 1-34. dllust. Univ. 
Arizona Exp. Sta., Tucson. 1 Je 1930. 

Britton, N. L. Scientific survey of Porto Rico and the Virgin 
Islands. Rev. Ob. Publ. Puerto Rico 7: 242-245. Map. S 
1930. 

Brown, B. E. Note regarding a possible influence of soil reaction 
on development of powdery mildew on cowpeas. Phyto- 
pathology 20: 683-685. f. 1, 2. Au 1930. 

Brown, J. G. Living micro-organisms in the air of the arid south- 
west. Science II. 72: 322-323. 26 S 1930. 

Butler, L. F. Corticium centrifugum, a heterothallic pathogene of 
apples. Jour. Agr. Res. 41: 269-294. pl. 1+f. 1, 2. 15 Au 
1930. 

Cain, S. A. Certain floristic affinities of the trees and shrubs of 
the Great Smoky Mountains and vicinity. Butler Univ. 
Bot. Stud. 1: 129-150. pl. 6,7.S 1930. 
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Campbell, D. H. The origin of land plants. Science II. 72: 177- 
187. 22 Au 1930. 

Capinpin, J. M. Chromosome behavior of triploid Oenothera. 
Nature 126: 469-470. 27 S 1930. 

Christensen, J. J. Hybridization in Ustilago Zeae. Minnesota 
Agr. Exp. Sta. Tech. Bull. 65: 89-108. pl. 1-3. D 1929. 
Christopher, W. N., & Edgerton, C. W. Bacterial stripe diseases 
of sugar cane in Louisiana. Jour. Agr. Res. 41: 259-267. 

f. 1, 2.1 Au 1930. 

Clara, F. M. A new bacterial leaf disease of tobacco in the Philip- 
pines. Phytopathology 20: 691-706. f. 1-3. S 1930. 

Clarkson, E. H. The root-stocks of the broad-leaf spinulose 
ferns. Am. Fern. Jour. 20: 117-119. ‘‘Jl-S’’ 12 O 1930. 

[Clute, W. N.] Double flowers. Am. Bot. 36: 133-137. Jl 1930. 

[Clute, W. N.] Epiphytes, parasites and saprophytes. Am. Bot. 
36: 137-145. Jl 1930. 

Clute, W. N. The myrtles. Am. Bot. 36: 123-124. Jl 1930. 

[Clute, W. N.] Self-pruning in plants. Am. Bot. 36: 146-149. 
Jl 1930. 

Colley, R. H., & Rumbold, C. T. Relation between moisture con- 
tent of the wood and blue stain in loblolly pine. Jour. Agr. 
Res. 41: 389-399. pl. 1, 2+f. 1-3. 1S 1930. 

Collins, J. F. On changing the direction of sap conducting tis- 
sues. Rhodora 32: 145-146. ‘“‘Au’”’ 28 Jl 1930. 

Cotton, M. Toxic effects of iodine and nickel on buckwheat 
grown in solution cultures. Bull. Torrey Club 57: 127-140. 
f. 1, 2. “F” 16S 1930. 

Crafts, A. S., & Kennedy, P. B. The physiology of Convolvulus 
arvensis (morning-glory or bindweed) in relation to its con- 
trol by chemical sprays. Plant Physiol. 5: 329-344. f. 1-5. 
Ji 1930. 

Darrow, G. M. Experimental studies on the growth and develop- 
ment of strawberry plants. Jour. Agr. Res. 41: 307-325. 
f. 1-9. 15 Au 1930. 

Davidson, A. Horsfordia alata Gray. Bull. So. California Acad. 
Sci. 29: 100. Au 1930. 

Davies, P. A. The relation of total nitrogen to regeneration in 
the willow. Science II. 72: 276-277. f. 1. 12 S 1930. 

Dearness, J., & Sanford, G. B. A new species of Plenodomus. 
Ann. Myc 28: 324-325. 1930. 

From Saskatoon, Sask. 


Deuber, C. G. Chlorophyll in tree leaves. Jour. Forestry 27: 
76-77. Ja 1929. 
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Deuber, C. G. The pigment present in green leaves. Yale Sci. 
Mag. 3: 15-16. Mr 1929. 

Dickinson, L. S. The effect of air temperature on the pathogenic- 
ity of Rhizoctonia Solani parasitizing grasses on putting- 
green turf. Phytopathology 20: 597-608. illust. Au 1930. 

Diehl, W. W. Ephelis-like conidia and floret sterility in Aristida. 
Phytopathology 20: 673-675. f. 1, 2. Au 1930. 

Diehl, W. W., & Lambert, E. B. A new truffle in beds of culti- 
vated mushrooms. Mycologia 22: 223-226. pl. 27.1S 1930. 


Pseudobalsamea microspora n. sp. 


Dillon Weston, W. A. R. Ineffective nature of iodine dust as a 
fungicide against Tilletia caries. Phytopathology 20: 753- 
755. S 1930. 

Dodge, B. O., & Swift, M. E. Notes on boxwood troubles. Jour. 
N. Y. Bot. Gard. 31: 191-198. f. 7, 2. Au 1930. 

Domin, K. Pteridophyta of the Island of Dominica with notes 
on various ferns from tropical America. 1-259. pl. 1-40. 
Praha, 1929. 

Dominguez, J. A. Contribuciones a la materia medica Argen- 
tina. Trab. Inst. Bot. & Farm. Buenos Aires 44: i—xxiii, 
1-433. 1928. 

Ducke, A. As Leguminosas do estado do Para (Supplemento) 
Arch. Jard. Bot. Rio de Janeiro 5: 191-199. 1930. 

Ducke, A. Enumeracido das plantas Amazonicas cultivadas no 
Jardim botanico e introduzidas pelo chefe de seccao 
Adolpho Ducke, de 1920 a 1928. Arch. Jard. Bot. Rio de 
Janeiro 5: 79-98. 1930. 

Ducke, A. Plantes nouvelles ou peu connues de la région Ama- 
zonienne IV. Arch. Jard. Bot. Rio de Janeiro 5: 99-187. 
pl. 1-23. 1930. 

Eames, A. J., & Wilson, C. L. Crucifer carpels. Am. Jour. Bot. 
17: 638-656. f. 1-9. “Jl” 6 Au 1930. 

East, E. M. The production of homozygotes through induced 
parthenogenesis. Science II. 72: 148-149. 8 Au 1930. 
Eaton, R. J. Color variation in Gentiana linearis. Rhodora 32: 

143-144. “Au” 28 J1 1930. 

Eddins, A. H. A new Diplodia ear rot of corn. Phytopathology 
20: 733-742. f. 1-4. S 1930. 

Eddy, S. Growth of diatoms in relation to dissolved gases. 
Trans. Illinois Acad. Sci. 20: 63-66. Mr 1928. 

Einset, O. Open pollination vs. hand pollination of pollen-sterile 
grapes. N. Y. Agr. Exp. Sta. Geneva Tech. Bull. 162:1-14. 
f. 1-6. J1 1930. 
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Emmert, E. M. A method for the rapid determination of phos- 
phate in fresh plant tissues. Plant. Physiol. 5: 413-417. Jl 
1930. 

Emmons, C. W. Coniothyrium terricola proves to be a species 
of Thielavia. Bull. Torrey Club 57: 123-126. pl. 4+f. 7. 
“F’’ 16S 1930. 

Evans, A. W. Three species of Scapania from western North 
America. Bull. Torrey Club 57: 87-111. f. 1-8 “F”’ 16S 
1930. 

Exell, A. W. Bucida megaphylla Exell, sp. nov. Jour. Bot. 68: 
244-245. Au 1930. 


A plant from Mexico. 


Ezekiel, W. N. Modified procedure with the Keitt single-spore 
method. Phytopathology 20: 583-586. f. 1. J1 1930. 

Fairchild, D. Exploring for plants. i-xx, 1-590. illust. New York, 
Macmillan Co., 1930. 

Fernald, M. L. The Cape Cod Ceanothus. Rhodora 32: 161-162. 
“Au” 28 J1 1930. 

Fogg, J. M. Jr. The flora of the Elizabeth Islands, Massa- 
chusetts. Rhodora 32: 119-132. ‘‘Jl’’ 28 Je 1930; 147-161. 
“Au” 28 Jl 1930; 167-180. 4 S 1930; 208-221. 14 O 1930; 
226-258. 3 N 1930; 263-281. 18 D 1930. 

Frear, D. E. Estimation of nitrate nitrogen in plant juice: a 
study of the expression and clarification of the juice. Plant 
Physiol. 5: 359-371. f. 1. Jl 1930. 

Gaiser, L. O. Chromosome numbers in Angiosperms II. Biblio. 
Genetica 6: 171-466. 1930. 

Garber, R. J., & Quisenberry, K. S. A study of correlated in- 
heritance in a certain Avena cross. West Virginia Agr. Exp. 
Sta. Bull. 217: 1-47. Mr 1928. 

Girola, C. D. Plantas forrajeras de la Republica Argentina. Rev. 
Zootecnica 17: 575-591. 15 J1 1930. 

Goodsped, T. H. Meiotic phenomena characteristic of first gen- 
eration progenies from x-rayed tissues of Nicotiana Ta- 
bacum. Univ. California Publ. Bot. 11: 309-318. f. 1-4. 17 
Je 1930. 

Goodspeed, T. H., & Avery, P. Nature and significance of struc- 
tural chromosome alterations induced by x-rays and ra- 
dium. Cytologia 1: 308-327. pl. 18-21. Ap 1930. 

Graham, V. O. Communities of mushrooms. Trans. Illinois 
Acad. Sci. 20: 72-76. Mr 1928. 

Grasovsky, A. Some aspects of light in the forest. Yale Univ. 
Sch. Forest. 23: 1-53. f. 1-19. 1929. 
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Hagelstein, R. Mycetozoa from Jones Beach State Park. My- 
cologia 22: 256-262. 1S 1930. 

Hansen, A. A. Dwarfed plants. Nature Mag. 16: 121, 130. illust. 
Au 1930. 

Harlow, W. M. The chemical nature of the middle lamella. N. Y. 
St. Coll. Forest. Tech. Publ. 30: 5-11. Mr 1930. 

Harlow, W. M. Contributions to the chemistry of the plant cell 
wall. III. The reliability of staining reagents in microchem- 
ical studies of plant cell walls. N. Y. St. Coll. Forest. Tech. 
Publ. 26: 1-13. pl. 1-3; IV. Some microchemical reactions 


of woody tissues previously treated with hydrofluoric acid. 
17-22. pl. 1. D 1928. 


j 

; 

} 

} 

: 

| Harms, H. Bromeliaceae novae III. Rev. Univ. Nac. Cuzco 14: 
i] 


80-84. Au 1930; IV. Notizbl. Bot. Gart. Berlin 11: 57-61. 
30 D 1930. 


Includes descriptions of eight new species. 


| Harms, H. Passifleraceae americanae novae. Rev. Univ. Nac. 
Cuzco 14: 85-87. Au 1930. 


Two new species from Peru are described. 


| Harris, J. A., Pascoe, T. A., & Jones, I. D. Note on the tissue 

4 fluids of Phoradendron juniperinum parasitic on Juniperus 
utahensis. Bull. Torrey Club 57: 113-116. “F’’ 16 S 1930. 

Hart, H. Nicolas Théodore de Saussure. Plant Physiol. 5: 425- 

429. pl. 4+f. 1-3. J1 1930. 

Harvey, R. B. Tracing the transpiration stream with dyes. Am. 

| Jour. Bot. 17: 657-661. f. 1-3. “Jl”? 8 Au 1930. 

| Hassler, E. Pteridophytorum Paraguariensium et regionum 
Argentinarum adjacentium conspectus criticus. Trab. Inst. 
Bot. & Farm. Buenos Aires 45: 1-102. 1928. 

| Hayes, H. K., Brewbaker, H. E., & Immer, F. R. Double-crossed 

t corn in Minnesota. Minnesota Agr. Exp. Sta. Bull. 260: 

1-16. f. 1-5. F 1930. 

Hedricks, J. New species of lichens from Porto-Rico—IV. My- 

cologia 22: 247-255. 1 S 1930. 
Three new genera and 15 new species are described. 

} Hein, I. Soy-bean stover compost for mushroom culture. My- 

; cologia 22: 227-231. 1 S 1930. 

Hemenway, A. F. Some new methods and combinations in plant 

microtechnique. Science II. 72: 251-252. 5 S 1930. 

Henry, A. W. Inheritance of immunity from flax rust. Phyto- 

pathology 20: 707-721. f. 1, 2. S 1930. 


Herrera, F. L. Chloris Cuzcoensis. Rev. Univ. Nac. Cuzco 14: 
19-24. Au 1930. 
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Herrera, F. L. Estudios sobre la flora del Departmento del 
Cuzco. Supplemento. Rev. Univ. Nac. Cuzco 14: 149-160. 
Au 1930. 

Herrera, F. L. Flora de la provincia de la Convencién. Rev. 
Univ. Nac. Cuzco 14: 171-172. Au 1930. 

Herrera, F. L. La vegetacion de la costa Peruana, Lomas de 
Arequipa. Rev. Univ. Nac. Cuzco 14: 71-79. Au 1930. 
Hicken, C. M. Segunda contribucién al conocimento de la bib- 
liografia botanica Argentina. Darwiniana 1: 319-430. 1 Je 

1929. 

Higgins, B. B. ‘‘Halo spot’’ of beans and kudzu. Georgia Agr. 
Exp. Sta. Bull. 161: 1-21. f. 1-5. Je 1930. 

Hitchcock, A. S. Four new grasses. Jour. Washington Acad. Sci. 
20: 381-384. 19 S 1930. 
Hoffmann, R., & others. Cacti and other succulents. An anno- 
tated list of plants cultivated in the Santa Barbara region. 
1-107. tllust. Santa Barbara, Garden Tours Comm., 1930. 

Hollick, A. Australia, past and present. Jour. N. Y. Bot. Gard. 
31: 217-221. S 1930. 

Horsfall, J. G. A study of meadow-crop diseases in New York. 
Cornell Agr. Exp. Sta. Mem. 130: 1-139. f. 1-28. Je 1930. 

Hoskins, J. H. Contributions to the coal measure flora of IIli- 
nois. Am. Mid!. Nat. 12: 154-163. pl. 1-4. S 1930. 

Hubbard, J. W. Flower buds in cotton bolls. Jour Heredity 21: 
275-277. f. 10, 11. Je 1930. 

Hunt, N. R. Frank Getchell O’Donnell, 1896-1928. Phytopath- 
ology 20: 531-533. Jl 1930. 

Hurd-Karrer, A. M. Titration curves of etiolated and of green 
wheat seedlings reproduced with buffer mixtures. Plant 
Physiol. 5: 307-328. f. 1-6. Jl 1930. 

Isaac, L. A. Seed flight in the Douglas fir region. Jour. Forestry 
28: 492-499. f. 1, 2. Ap 1930. 

Johnson, E. M. Virus diseases of tobacco in Kentucky. Ken- 
tucky Agr. Exp. Sta. Bull. 306: 289-415. pl. 1-18+-f. 1-9. 
Je 1930. 

Johnston, C. O. An aberrant physiologic form of Puccinia tri- 
ticina Eriks. Phytopathology 20: 609-620. f. 7. Au 1930. 

Johnston, E. S., & Fisher, P. L. The essential nature of boron to 
the growth and fruiting of the tomato. Plant Physiol. 5: 
387-392. f. 1-3. Jl 1930. 


Johnston, I. M. A new Chilean plant and some nomenclatorial 
changes. Rev. Chilena Hist. Nat. 33: 25-27. 1929. 

Jones, M. E. Contributions to western botany No. 17: 1-31. 
Claremont, Calif. 3 S 1930. 
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Kakizaki, Y. Breeding ‘‘crossed eggplants”’ in Japan. Jour. He- 
redity 21: 253-258. f. 3-6. Je 1930. 

Kearney, T. H. Cotton plants, tame and wild. Jour. Heredity 
21: 195-210. f. 1-10., illust. My 1930. 

Kearney, T. H. Short branch, another character of cotton show- 
ing monohybrid inheritance. Jour. Agr. Res. 41: 379-387. 
f. 1, 2.18 1930. 

Kendrick, J. B. Kale yellows in California, caused by Fusarium 
conglutinans Wollenw. Hilgardia 5: 1-15. f. 1-4. J] 1930. 

Kertesz, Z. I. The chemical change in peas after picking . Plant 
Physiol. 5: 399-412. f. 1, 2. J1 1930. 

Killip, E. P. Ten new species of Passiflora, mainly from Colom- 
bia and Peru. Jour. Washington Acad. Sci. 20: 374-381. 19 
S 1930. 

Kimbrough, W. D. The effect of fertilizer on the quality and 
keeping of watermelons. Plant Physiol. 5: 373-385. J1 1930. 

Kinman, C. F. A study of some unproductive cherry trees in 
California. Jour. Agr. Res. 41: 327-335. f. 1-6. 15 Au 1930. 

Kittridge, E. M. Crested polypody. Am. Fern Jour. 20: 124- 
126. pl. 6. “JI-S” 12 O 1930. 

Klotz, L. J., & Fawcett, H. S. The relative resistance of varieties 
and species of Citrus to Pythiacystis gummosis and other 
bark diseases. Jour. Agr. Res. 41: 415-425. 1 S 1930. 

Knappen, N. C. Some European fern finds. Am. Fern Jour. 20: 
106-114. pl. 5. “JI-S” 12 O 1930. 

Knowlton, H. E., & Dorsey, M. J. A study of the hardiness of 
the fruit buds of the peach. West Virginia Agr. Exp. Sta. 
Bull. 211: 1-28. f. 1, 2. D 1927. 

Kuhlmann, J. G. Contribuicdo para o conhecimento de algunas 
novas especies da regido amazonica e uma do Rio de 
Janeiro, bem como algunas notas sobre especies j4 conhe- 
cidas. Arch. Jard. Bot. Rio de Janeiro 5: 203-209. pl. 24- 
26. 1930. 

Kyle, C. H. Relation between the vigor of the corn plant and 
its susceptibility to smut ( Ustilago Zeae). Jour. Agr. Res. 
41: 221-231. 1 Au 1930. 

Lambert, F. D. On the structure and development of Prasino- 
cladus. Zeitschr. Bot. 23: 227-244. f. 1-4. 1930. 

Lauritzen, J. I., & Wright, R. C. Some conditions affecting the 
storage of peppers. Jour. Agr. Res. 41: 295-305. pl. 1. 15 
Au 1930. 


Leach, J. G. The identity of the potato blackleg pathogene. 
Phytopathology 20: 743-751. S 1930. 
Leffingwell, A. M. Morphological study of bulb and flowers of 
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Camassia quamash (Pursh.) Greene. Res. Stud. State Coll. 
Washington 2: 80-89. f. 1-3. ““My”’ 1 Au 1930. 

Lemée, A. Dictionaire descriptef et synonymique des genres de 
plantes phanérogames. Vol. 2. i-xxvii, 1-998. Brest, 1930. 

Leonian, L. H. Differential growth of Phytophthoras under the 
action of malachite green. Am. Jour. Bot. 17: 671-677. 
“JI” 6 Au 1930. 

Lessman, L. L. A new form of ectotrophic mycorhiza. Trans. 
Illinois Acad. Sci. 20: 80-81. f. 1. Mr 1928. 

Lewis, I. M. Growth of plant pathogenic bacteria in synthetic 
culture media with special reference to Phytomonas malva- 
ceara. Phytopathology 20: 723-731. S 1930. 

Lodewick, J. E. Effect of certain climatic factors on the diam- 
eter growth of longleaf pine in western Florida. Jour. Agr. 
Res. 41: 349-363. f. 1-7. 1 S 1930. 

Loehwing, W. F. Effects of isolation and soil characteristics on 
tissue fluid reaction in wheat. Plant Physiol. 5: 293-305. 
f. 1. J1 1930. 

Long, W. H. Polyporus dryadeus, a root parasite on white fir. 
Phytopathology 20: 758-759. S 1930. 

Long, W. H. Some microscopic characters of the rot caused by 
Ganoderma Curtisii. Phytopathology 20: 758. S 1930. 
Loucks, K. W. Some physiological studies of Phytomonas Citrt. 

Jour. Agr. Res. 41: 247-258. f. 1-3. 1 Au 1930. 

Lutz, H. J. Observations on the invasion of newly formed glacial 
moraines by trees. Ecology 11: 562-567. f. 1-4. Jl 1930. 

Macbride, J. F. Spermatophytes mostly Peruvian II. Field 
Mus. Nat. Hist. Bot. Ser. 8: 77-130. 9 J] 1930. 

MacDaniels, L. H. A portable plant drier for tropical climates. 
Am. Jour. Bot. 17: 669-670. illust. ‘Jl’ 6 Au 1930. 

McDougall, W. B. The Venus-flytrap (Dionaea muscipula Ellis). 
Trans. Illinois Acad. Sci. 20: 82-84. f. 1, 2. Mr 1928. 

McLean, F. T. Plant nutrition. Jour. N. Y. Bot. Gard. 31: 198- 
201. Au 1930. 


McLean, F. T. Present-day Australia. Jour. N. Y. Bot. Gard. 
31: 221-223. S 1930. 


McMinn, H. E. A geographic and taxonomic study of the Cali- 
fornia species of the genus Ceanothus. Contr. Dudley Herb. 
Stanford Univ. 1: 121-148. pl. 10. 20 Je 1930. 

McNair, J. B. The taxonomic and climatic distribution of oil 
and starch in seeds in relation to the physical and chemical 
properties of both substances. Am. Jour. Bot. 17: 662-668. 
f. 1. JV" 6 Au 1930. 
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Maury, C. J. Correlation of Antillean fossil floras. Science II. 
72: 253-254. 5 S 1930. 

Maxon, W. R., & Standley, P. C. Ferns of the Republic of 
Salvador. Proc. Biol. Soc. Washington 43: 167-178. 26 S 
1930. 

May, C. Dutch elm disease in Ohio. Science II. 72: 142-143. 8 
Au 1930. 

Merrill, E. D. Botanical exploration of Borneo. Jour. N. Y. Bot. 
Gard. 31: 185-191. Au 1930. 

Merrill, E. D. The improbability of pre-Columbian Eurasian- 
American contacts in the light of the origin and distribution 
of cultivated plants. Jour. N. Y. Bot. Gard. 31: 209-212. 
S 1930. 

Merrill, E. D. The Philippine Islands. Jour. N. Y. Bot. Gard. 
31: 201-203. Au 1930. 

Merrill, E. D. A third supplementary list of Hainan plants. 
Lingnan Sci. Jour. 9: 35-44. Je 1930. 

Morse, E. E. A new chanterelle in California. Mycologia 22: 
219-220. pl. 24, 25.15 1930. 


Chantarellus Bonarii sp. nov. 


Morton, C. V. A new Banisteria from Brazil and British Guiana. 
Proc. Biol. Soc. Washington 43: 157-159. 26 S 1930. 
Morton, C. V. A new species of Calathea from Panama. Jour. 
Washington Acad. Sci. 20: 372-374. f. 1, 2.19S 1930. 


Calathea magnifica sp. nov. 


Muenscher, W. C. Leafy spurge and related weeds. Cornell Col. 
Agr. Ext. Bull. 192: 1-10. f. 1-3. Ap 1930. 

Muenscher, W. C. Perennial sow thistle and related weeds. 
Cornell Col. Agr. Ext. Bull. 195: 1-12. f. 1-4. Au 1930. 
Neal, D. C. Cotton wilt: a pathological and physiological in- 
vestigation. Mississippi Agr. Exp. Sta. Tech. Bull. 16: 1- 

87. pl. 31-39. F 1928. 
Nuttall, Z. Documentary evidence concerning wild maize in 
Mexico. Jour. Heredity 21: 217-220. f. 12. My 1930. 
Odland, T. E. The inheritance of rachilla length and its relation 
to other characters in a cross between Avena sativa and 
Avena orientalis. West Virginia Agr. Exp. Sta. Bull. 219: 
1-55. f. 1-3. My 1928. 

Orton, C. R. Black walnut canker. Science II. 72: 142. 8 Au 
1930. 

Ostenfeld, C. H., & Larsen, C. S. The species of the genus Larix 
and their geographical distribution. Dansk. Vidensk. Selsk. 
Biol. Meddel. 9: 1-106. f. 1-35.+-maps 1-8. 1930. 
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Ostenfeld, C. H., & Petersen, H. E. On a new Plasmodiophora- 
cea found in Canada. Zeits. Bot. 23: 13-18. f. 1-6. 1930. 

Otis, C. H. The Askenasy demonstration. Plant Physiol. 5: 419- 
423. Jl 1930. 

Overholts, L. O. Mycological notes for 1928-1929. Mycologia 
22: 232-246. ¢l. 28-31. 1 S 1930. 


Six new species in various genera are described. 


Pack, D. A. Determination of the percentage of sucrose in sugar 
beets for research purposes. Plant Physiol. 5: 345-358. f. 1, 
2. Jl 1930. 

Parish, S. B. Vegetation of the Mohave and Colorado deserts of 
southern California. Ecology 11: 481-499. f. 1-9. Jl 1930. 

Pearson, O. H. An albino mustard. Jour. Heredity 21: 221- 
223. f. 13. My 1930. 

Pepoon, H. S. The flora of the right of way of the Illinois Cen- 
tral railway. Trans. Illinois Acad. Sci. 20: 92-98. f. 1-5. 
Mr. 1928. 

Perry, F. Ecological notes on the plant life of the Garibaldi re- 
gion of British Columbia. Vancouver Mus. & Art Notes 3: 
5-11. Je 1928. 

Perry, F. The flora of the forest line of the north shore of Bur- 
rard Inlet, from Seymour Creek to Caulfeilds B. C. Van- 
couver Mus. & Art Notes 4: 17-19. illust. Mr 1929. 

Price, W. C. Local lesions on bean leaves inoculated with to- 
bacco mosaic virus. Am. Jour. Bot. 17: 694-702. f. 1-4. 
“Jl 6 Au 1930. 

Priestley, J. H., & Swingle, C. F. Vegetative propagation from 
the standpoint of plant anatomy. U. S. Dep. Agr. Tech. 
Bull. 151: 1-98. pl. 1-24. D 1929. 

Ranker, E. R. Apparatus and method for obtaining sterile fil- 
trates of biological fluids. Phytopathology 20: 569-573. 
f. 1, 2. J1 1930. 

Ranker, E. R. Synthetic nutrient solutions for culturing Usti- 
lago Zeae. Jour. Agr. Res. 41: 435-443. f. 1.15 S 1930. 
Reed, E. L. Vegetation of the Playa Lakes in the Staked Plains 

of western Texas. Ecology 11: 597-600. JI 1930. 

Ridgway, R. The ligneous flora of Richland County, Illinois. 
Trans. Illinois Acad. Sci. 20: 105-115. Mr 1928. 

Rodrigues da Silveira, F. Duas especies novas de Passifloraceae 
e Sapindaceae. Arch. Jard. Bot. Rio de Janeiro 5: 217-221. 
pl. 27-30. 1930. 

Rodriques da Silveira, F. Notas sobre a Couma vigida Muhl. 
Arg. Arch. Bot. Jard. Rio de Janeiro 5: 215-216. 1930. 














572 BULLETIN OF THE TORREY CLUB [VOL. 57 


Robertson, D. W., & Deming, G. W. Genetic studies in barley. 
Jour. Heredity 21: 283-288. f. 13—15. Je 1930. 

Robinson, B. L. Records preliminary to a general treatment of 
the Eupatorieae. VII. Rev. Univ. Nac. Cuzco 14: 31-34. 
Au 1930. 

Romell, L. G. Comments on Raunkiaer’s and similar methods of 
vegetation analysis and the “‘law of frequency.’’ Ecology 
11: 589-596. Ji 1930. 

Rosen, H. R. Overwintering of the fire blight pathogene, Bacil- 
lus amylovorus, within the beehive. Science II. 72: 301-302. 
19S 1930. 

Saeger, A. A method of obtaining pure cultures of Spirodela 
polyrhiza. Bull. Torrey Club 57: 117-121. “‘F’’ 16 S 1930. 

Salmon, S. C. The reaction of alfalfa varieties to bacterial wilt. 
Jour. Am. Soc. Agron. 22: 802-810. S 1930. 


Sayre, J. D. Accumulated iron in the nodes of corn plants. Plant 
Physiol. 5: 393-398. pl. 3. Jl 1930. 

Schaffner, J. H. Geographic distribution of the species of Egui- 
setum in relation to their phylogeny. Am. Fern Jour. 20: 
89-106. ‘‘JI-S’” 12 O 1930. 

Seaver, F. J. Studies in tropical Ascomycetes. VI. Phyllachora 
Simabae, Cedronis. Mycologia 21: 178-179. f. 1, 2.1 J1 1929. 

Setchell, W. A. Nullipore reef control and its significance. Proc. 
4th Pacific Congr. Java 1929: 265-286. 1929. 

Setchell, W. A. The Wallace and Weber lines: a suggestion as 
to climatic boundaries. Proc. 4th Pacific Congr. Java 1929: 
311-321. 1929. 

Shapovalov, M. A celluloid cell for inoculation of plants with 
insect vectors. Phytopathology 20: 681-683. f. 1. Au 1930. 

Singleton, W. R., & Jones, D. F. Heritable characters in maize 
XXXV. Male sterility. Jour. Heredity 21: 266-268. f. 9. 
Je 1930. 

Sinnott, E. W. Some problems in plant development. Torreya 
30: 91-96. 21 Au 1930. 

Skutch, A. F. Repeated fission of stem and root in Mertensia 
maritima—a study in ecological anatomy, Ann. N. Y. Acad. 
Sci. 32: 1-52. pl. 1-9+-f. 1-28. 1 J1 1930. 

Small, J. K. Befaria racemosa. Addisonia 15: 21-22. pl. 491. 18 
Au 1930. 

Small, J. K. Citharexylum fruticosum. Addisonia 15: 31-32. pl. 
496.18 Au 1930. 

Small, J. K. Consolea corallicola. Addisonia 15: 25-26. pl. 493. 
18 Au 1930. 
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Small, J. K. Derringothamnus Rugeliit. Addisonia 15: 17-18. pl. 
489.18 Au 1930. 

Small, J. K. Justicia Runyonii. Addisonia 15: 29-30. pl. 495. 
18 Au 1930. 

Small, J. K. Malvaviscus Drummondii. Addisonia 15: 19-20. 
pl. 490.18 Au 1930. 

Small, J. K. Physalis Elliotii. Addisonia 15: 23-24. pl. 492. 18 
Au 1930. 

Small, J. K. Swietenia mahagoni. Addisonia 15: 27-28. pl. 494. 
18 Au 1930. 

Smith, C. O., & Fawcett, H. S. A comparative study of the 
Citrus blast bacterium and some other allied organisms. 
Jour. Agr. Res. 41: 233-246. f. 1-4. 1 Au 1930. 

Smith, E. C. Trametes hispida a destructive parasite in apple 
orchards. Mycologia 22: 221-222. pl. 26. 1S 1930. 

Smith, G. S. Coleoptera. Vancouver Mus. & Art Notes 4: 69-74. 
pl. 1, 2. Je 1929; 5: 22-25. Mr 1930. 

Smith, M. A. The control of certain fruit diseases with flotation 
sulphurs. Phytopathology 20: 535-553. f. 1, 2. Jl 1930. 

Solheim, W. G., & Penfound, W. T. A study of the algae of a 
freshwater stream. Trans. Illinois Acad. Sci. 20: 85-91. Mr. 


1928. 
Sprague, R. Notes on Phyllosticta Rabiei on chick-pea. Phyto- 
pathology 20: 591-593. Jl 1930. . 


Stakman, E. C., Christensen, J. J., Eide, C. J., & Peturson, B. 
Mutation and hybridization in Ustilago Zeae. Minnesota 
Agr. Exp. Sta. Tech. Bull. 65: 1-66. pl. 1-10. D 1929. 

Standley, P. C. Studies of American plants III. Field Mus. Nat. 
Hist. Bot. Ser. 8: 1-73. 9 J1 1930. 

Stapf, O. Mavxillaria edlatior. Curt. Bot. Mag. 154: pl. 9206. 
30 S 1930. 


A plant from Central America. 


Starkey, E. J. Rhizoctonia on wild potato. Phytopathology 20: 
683. Au 1930. 

Steggerda, M. Effect of somatic injury upon yield in corn. Plant 
Physiol. 5: 432-435. Jl 1930. 

Stevens, F. L. Parasitic fungi from Panama. Ann. Myc. 28: 
281-286. f. 1-6. 1930. 

Stevens, N. E., & Mook, P. V. Field observations on strawberry 
dwarf in North Carolina. Phytopathology 20: 669-672. Au 
1930. 

Stevenson, F. L. Genetic characters in relation to chromosome 
numbers in a wheat species cross. Jour. Agr. Res. 41: 161- 
179. pl. 1+f. 1. 15 J1 1930. 
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Styer, J. F. A simplified silica gel. Am. Jour. Bot. 17: 636-637° 
“Jl” 6 Au 1930. 

Taylor, W. R. Algae collected by the Hassler, Albatross, and 
Schmitt Expeditions. I. Marine algae from Brazil. Am. 
Jour. Bot. 17: 627-634. pl. 39+f. 1. ‘Jl’ 6 Au 1930. 

Taylor, W. R. Note on marine algae from Sao Paulo, Brazil. 
Am. Jour. Bot. 17: 635. f. 1. “Jl” 6 Au 1930. 

Tehon, L. R., & Stout, G. L. Epidemic diseases of fruit trees 
in Illinois 1922-1928. Bull. Illinois Nat. Hist. Surv. 18: 
415-502. f. 1-31. 1930. 

Thompson, W. P., & Robertson, H. T. Cytological irregularities 
in hybrids between species of wheat with the same chromo- 
some number. Cytologia 1: 252-262. pl. 15. Ap 1930. 

Tilford, P. E. A Rhizoctonia disease of sweet alyssum. Phyto- 
pathology 20: 587-590. f. 1, 2. Jl 1930. 

Tobin, K. H. Interesting trees of Porto Rico. Am. Bot. 36: 124- 
129. Jl 1930. 

Tomkins, C. M., & Nuckols, S. B. The relation of type of top- 
ping to storage losses in sugar beets. Phytopathology 20: 
621-635. f. 1-3. Au 1930. 

Torrey, R. H. Hottonia inflata in Harriman State Park. Torreya 
30: 100. 21 Au 1930. 

Torrey, R. H. Potentilla (Sibbaldiopsis) tridentata survives on 
High Point. Torreya 30: 99. 21 Au 1930. 

Trelease, W. The geography of American peppers. Proc. Am. 
Philos. Soc. 69: 309-327. 1930. 

Tryon, H. H. The Black Rock forest. Black Rock For. Bull. 1: 
1-42. pl. 1-19. 1930. 

Turner, L. M. A preliminary report on an ecological problem in 
the Illinois River valley. Trans. Illinois Acad. Sci. 20: 137- 
139. Mr 1928. 

Vanderpool, T. C. Asterocystis radicis in the roots of cereals in 
Saskatchewan. Phytopathology 20: 677-680. f. 1, 2. Au 
1930. 

Veatch, C., & Woodworth, C. M. Genetic relations of cotyledon 
color types of soybeans. Jour. Am. Soc. Agron. 22: 700— 
702. Au 1930. 

Wailes, G. H. Fresh-water and marine Protozoa from British 
Columbia with descriptions of new species. Vancouver Mus. 
& Art Notes 3: 25-37. pl. 7-9. S 1928. 

Wailes, G. H. The marine zoo-plankton of British Columbia. 
Vancouver Mus. & Art Notes 4: 159-165. D 1929. 

Wailes, G. H. Plant life in the open sea. Vancouver Mus. & Art 
Notes 4: 20-28. Mr 1929; 76-83. Je 1929. 
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Wailes, G. H., & Tiffany, L. H. Some algae from British Colum- 
bia. Vancouver Mus. & Art Notes 4: 171-177. illust. D 
1929. 

Wallace, J. M. Field observations as an aid in avoiding diseased 
cotton seed for planting. Phytopathology 20: 686-688. Au 
1930. 

Wardlaw, C. W. The biology of banana wilt (Panama disease) 
I. Root inoculation experiments. Ann. Bot. 44: 741-766. 
f. 1-35. J1 1930. 

Ware, J. O. Hybrid intensification of plant height in cotton and 
the relationship of node number and internodal length to 
the phenomenon. Jour. Am. Soc. Agron. 22: 787-801. f. 1- 
3. S 1930. 

Weaver, J. E. Underground plant development in its relation 
to grazing. Ecology. 11: 543-587. f. 1-7. Jl 1930. 

Weberbauer, A. Ueber die Rhamnaceen Gattung Scypharia 
Miers. Field Mus. Nat. Hist. Bot. Ser. 8: 83-84. 9 Jl 1930. 

Weier, T. E. A comparison of the meiotic prophases in Oe¢eno- 
thera Lamarckiana and Oenothera Hookeri. La Cellule 39: 
271-305. pl. 1, 2. 1930. 

Weimer, J. L. Alfalfa dwarf, a hitherto unreported disease. 
Phytopathology 21: 71-75. f. 1. Ja 1931. 

Wein, K. Die erste Einfiihrung nordamerikanischer Gehélze in 
Europa. Mitteil. Deutsch. Dendrol. Gesell. 42: 137-163. 
1930. 

Welton, F. A., & Morris, V. H. Effect of fertility on the carbo- 
hydrate-nitrogen relation in the soybean. Plant Physiol. 5: 
607-612. f. 1-3. O 1930. 

Welton, F. A., Morris, V. H., & Hartzler, A. J. Distribution of 
moisture, dry matter, and sugars in the maturing corn stem. 
Plant Physiol. 5: 555-564. f. 1-6. O 1930. 

Werdermann, E. Uber Echinocactus loricatus Speg. Monats. 
Deutsch. Kakteen-Gesell. 2: 170-172. illust. Au 1930. 
Werdermann, E. Echinocereus subinermis SalmDyck. Bliih. 

Sukkul. 2: pl. 8. 15 D 1930. 

Werdermann, E. Echinocereus pulchellus (Martius) K. Schu- 
mann var. amoenus (Dietrich) K. Schumann. Blih. Sukkul. 
2: pl. 7. 15 D 1930. 

Werdermann, E. Echinocereus pectinatus (Scheidweiler) Engle- 
mann var. Reichenbachii (Teischeck) Werdermann. Bliih. 
Succul. 2: pl. 5. 15 D 1930. 

Werdermann, E. Echinocereus enneacanthus Englemann var. 
carnosus Riimpler. Bliih. Sukkul. 2: pl. 6. 15 D 1930. 
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West, J. An old plant under a new name. Jour. Cactus & Succ. 
Soc. Am. 2: 413. allust. F 1931. 
Sedum hirsutum var. baeticum now S. Winkleri. 


White, H. E. Bacterial spot of radish and turnip. Phytopath- 
ology 20: 653-662. f. 1-3. Au 1930. 

Wiggins, I. L. A new California station for Nymphaea poly- 
sepala (Engelm.) Greene. Torreya 30: 97-98. 21 Au 1930. 

Willaman, J. J., & Brown, W. R. Carbon dioxide dissolved in 
plant sap and its effect on respiration measurements. Plant 
Physiol. 5: 535-542. f. 1-3. O 1930. 

Williams, R. O. Flora of Trinidad and Tobago. Olacales, 
Celastrales, Sapindales. Dept. Agr. Trinidad & Tobago 1: 
165-196. 1930. 

Williams, R. S. Some apparently undescribed mosses from Peru, 
also new combinations. Rev. Univ. Nac. Cuzco 14: 34-41. 
Au 1930. 


Seven new species are described. 


Wolf, F. A. Diaporthe blight of larkspur. Phytopathology 21: 
77-81. f. A, B. Ja 1931. 

Woodworth, R. H. Cytomyxis. Jour. Arnold Arbor. 12: 23-25. 
Ja 1931. 

Woolman, H. M. Infection phenomena and host reactions 
caused by Tilletia Tritici in susceptible and nonsusceptible 
varieties of wheat. Phytopathology 20: 637-652. f. 1-7. Au 
1930. 

Yampolsky, C. The further behavior of sex in Mercurialis annua. 
Zeits. Induk. Abst. 55: 267-299. pl. 1, 2+f. 1-10. 1930. 

Zalbruckner, A. Catalogus lichenum universalis. 7: 161-320. 
1931. 

Zaumeyer, W. J. The bacterial blight of beans caused by Bac- 
terium Phaseoli. U.S. Dep. Agr. Tech. Bull. 186: 1-36. pl. 
1, 2.4+-f. 1-10. J1 1930. 

Zeller, S. M., & Gooding, L. N. Some species of Atropellis and 
Scleroderris on conifers in the Pacific northwest. Phyto- 
pathology 20: 555-567. pl. 1+-f. 1, 2. Jl. 1930. 





